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ABSTRACT 


The  objective  of  this  study  was  to  establish  the 
characteristics  and  methods  of  control  of  alkali  metal  fires. 

A  review  of  present  practices  used  in  alkali  metal  fire  control 
is  presented.  A  section  is  also  included  on  the  physical  and 
chemical  properties  of  the  alkali  metals. 

The  effects  of  inert  gas  blanketing  and  oxygen  partial 
pressure  were  evaluated.  It  was  found  that  reduction  of  oxygen 
partial  pressure  was  effective  in  inhibiting  ignition  and  de¬ 
gree  of  combustion  of  lithium,  sodium,  NaK  and  potassium.  Ru¬ 
bidium  and  cesium  did  not  ig~iite,  i.e.,  there  was  no  emission 
of  smoke  or  flame,  but  they  completely  oxidized  even  at  lower 
oxygen  partial  pressures.  Reduced  oxygen  partial  pressure  was 
also  effective  in  inhibiting  ignition  of  alkali  metal  jet  streams 

A  number  of  different  salts,  organic  liquids,  and 
polyurethane  foam  were  evaluated  with  respect  to  alkali  metal 
fire  extinguishment,  Met-L-X  and  TEC  Powder  were  the  most 
effective  salts  which  were  evaluated.  The  ratio  of  TEC  Powder/ 
alkali  metal  was  0.4  for  100  lb  sodium  fires  and  0,2  for  500  lb 
sodium  fires.  Polyurethane  foam  was  found  to  be  effective  on 
low  temperature  (1000®F)  fires  and  was  useful  on  alkali  metal 
fires  on  or  under  insulation.  Organic  liquids  were  not  particu¬ 
larly  effective  on  alkali  metal  fires  and  in  most  cases  the 
secondary  organic  fire  was  more  severe  than  the  alkali  metal  fire 

A  section  is  presented  on  a  typical  alkali  metal 
system  which  might  be  used  to  generate  electrical  power  in  space. 
The  major  fire  hazards  during  the  various  phases  of  charging, 
injection  into  orbit  and  in-flight  operations  are  outlined. 

Fire  control  procedures  for  each  of  the  phases  are  outlined. 

This  technical  documentary  report  has  been  reviewed 
and  is  approved. 


BLACKWELL  C.  DUNNAM,  Chief 
Support  Techniques  Branch 
AF  Aero  Propulsion  Laboratory 
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IX 


I.  INTRODUCTION 


The  auvent  of  aerospace  flight  has  resulted  in  increaseu 
temperature  requirements  for  fluius  used  as  heat  transfer  media, 
working  fluius,  hydraulic  fluius  and  lubricants.  The  alkali  metals 
have  been  selected  as  the  most  promising  fluius  since  tiiey  exhibit 
the  following  physical  characteristics: 

1.  Long  liquidus  range  -  354°F  (179°C)  to 
2403®F  (1317®C)  for  lithium. 

2.  Relatively  low  melting  points  -  83®r  (28,S°C) 
for  cesium  to  354°F  (179''C)  for  lithium; 

NaK-78  melts  at  10°F  (-12 .3°C) . 

3.  High  boiling  points  -  1270°F  (688®C)  for 
rubiuium  to  2403®F  (1317®C)  for  lithium, 

4.  High  transfer  coefficients  -  6400  Btu/hr- 
ft^-°F/ft  for  sodium. 

5.  Higli  temperature  stability, 

6.  iCon-corrosivc  when  pure. 

Lithium  anu  souiurn  are  being  consiuereu  as  heat  transfer  media  for 
nuclear  reactors  anu  solar  heat  sources.  Potassium,  rubidium  anu 
cesium  are  being  investigatec  as  potential  working  fluids  for  tur¬ 
bines.  Tiie  feasibility  of  ion  engines  using  cesium  has  been  demon¬ 
strated  and  cesium  is  being  useu  in  thermionic  converters  ana  other 
thermoelectric  devices,  A  number  of  low  melting  binary,  ternary 
and  quaternary  alkali  metals  are  being  considered  as  lubricants 
and  hydraulic  fluius. 

Alkali  metals,  particularly  sodium,  have  been  used  in 
industry  for  many  years  as  heat  transfer  media  anu  reaction  media. 
These  metals  are  extremely  reactive  with  atmospheric  gases,  water, 
many  organic  materials,  and  a  number  of  materials  of  construction, 
thus  system  uesign  anu  formulation  of  operational  procedures  with 


*i\  multicomponent  alkali  metal  alloy  with  a  freezing  point  of 
-94®F  (-^O^C)  has  been  uevelopeu  recently. 


Manuscript  releaseu  by  autiiors  in  September  1904  for  publication 
as  a  RTD  Technical  Documentary  iieport. 
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respect  to  safety  are  given  particular  consideration,  Most  systems 
are  surrounded  by  some  sort  of  metal  shielding  to  protect  both 
personnel  and  equipment  in  the  event  of  an  alkali  metal  leak.  A 
drip  pan  of  sufficient  size  to  contain  all  of  tlie  alkali  metal  in 
a  system  is  usually  positioneu  beneath  the  system.  Water  lines 
and  urains  are  generally  excluded  from  the  immediate  vicinity  of 
the-  system.  Handling  techniques  and  fire  extinguishment  anu  con¬ 
trol  procedures  have  evolveti  from  this  experience  with  land-based 
systems . 

In  space,  alxali  metal  ignition  characteristics  and 
fire  control  procedures  might  differ  from  those  on  earth.  It  may 
not  be  possible  to  extensively  shield  the  system  because  of  the 
wieght  penalty  imposed.  A  orip  pan  would  be  of  limited  value  if 
the  craft  is  not  subjected  to  an  artifical  gravitational  field; 
leaking  alkali  metal  could  migrate  to  any  spatial  location  in  the 
absence  of  a  gravitational  field.  In  certain  cases,  the  compart¬ 
ment  atmosphere  may  be  pure  oxygen  at  some  reduced  pressure;  this 
could  enhance  combustion  of  the  alkali  metal.  Conversely,  it  may 
be  possible  to  operate  a  system  in  a  compartment  exhausted  to  the 
vacuum  of  Sj^ace;  in  this  case,  combustion  of  the  alkali  metal 
would  be  eliminated. 

■ 

Historically,  three  methods  are  used  to  control  or  ex¬ 
tinguish  fires: 


1. 

Remove 

fuel 

2. 

Remove 

oxidizer 

5  . 

Remove 

heat 

Recently,  a  fourth  technique  has  come  into  being  -  disruption  of 
the  chain  reaction  in  the  combustion  zone  by  removal  of  free  radicals 
produced  in  the  flame.  With  fires  resulting  from  the  combustion  of 
wood,  paper,  flammable  organic  liquids  and  gases,  and  electrical 
fires,  these  procedures  can  be  useo.  A  natural  gas  fire  can  be 
quelled  by  shutting  off  the  fuel  supply.  Oxygen  can  be  excluded 
from  the  area  by  use  of  CO^  or  foam.  Heat  is  generally  removed  by 
applying  a  volatile  heat  absorbing  material  such  as  water  or 
bromochloromethane  to  the  fire.  Alkali  metal  bicarbonates  are 
being  used  to  supply  ions  which  will  react  with  free  radicals  to 
inhibit  flame  propogation.  The  three  primary  methods  of  fire  ex¬ 
tinguishment  can  be  auaptea  to  alkali  metal  fires,  although  the 
procedures  differ  somewhat  from  those  normally  used  for  ABC  fires. 

Removal  of  fuel  with  respect  to  alkali  metal  fires  is 
normally  accomplished  by  lowering  the  cover  gas  pressure  on  the 
system  to  reduce  the  leakage  rate,  valving-off  or  freezing  the 
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leaking  secticn,  or  uraining  the  alkali  metal  into  a  sump  tank. 
This  procedure  controls  tlie  severity  anu  magnituue  of  an  alkali 
metal  fire  but  uoes  not  eliminate  combustion  of  the  metal  which 
has  escapee  from  a  system.  Two  proceuures  are  useu  to  exclude 
oxygen  from  an  alkali  metal  fire  -  (1)  inert  gas  blanketing  and 
(2)  smothering  with  a  non-reactive  material  such  as  an  alkali 
metal  chloride  or  graphite.  lieat  has  been  removea  by  plunging 
a  cola  iron  bar  into  the  burning  melt,  but  this  method  is  not 
generally  amenable  to  an  actual  alkali  metal  fire. 


II.  SCOPE  OF  PROGRAM 


The  purpose  of  the  stuoy  describea  in  this  report  was 
to  investigate  agents  and  techniques  for  extinguishment  and  con¬ 
trol  of  fires  resulting  from  leakage  of  high  temperature  and  high 
pressure  alkali  metals  under  normal  atmospheric  and  reduced  at¬ 
mospheric  environments.  The  program  was  subaivideo  into  seven 
major  phases  of  investigation: 

Phase  I  -  Review  of  Current  Practices  for  Ex¬ 
tinguishment  anu  Control  of  Alkali 
Metal  Fires 

Phase  II  -  Review  of  Physical  and  Chemical  Properties 
of  Alkali  Metals  Kith  Respect  to  Fire 
Control  and  Extinguishment 

Phase  III  -  Effects  of  Inert  Gas  Blanketing  and 

Oxygen  Partial  Pressures  on  Alkali  Metal 
Fires 

Phave  IV  -  Extinguishment  of  Alkali  Metal  Fires 

Using  Inorganic  Salts  and  Salt  Mixtures 

Phave  V  -  Extinguishment  of  Alkali  Metal  Fires 
Using  Inorganic  Salt  Foams 

Phave  VI  -  Characterization  of  Alkali  Metal  Jet 
Stream  Ignition  at  Various  Pressure 
Conditions 

Phave  VII  -  Extinguishment  of  Large  Scale  Fires 

Phases  I  anti  II  consistcu  of  a  literature  review  to 
uetermine  present  practices  useu  in  alkali  metal  fire  control  anu 
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extinguishment  ana  the  effects  of  cheraical  and  physical  charac¬ 
teristics  of  the  alkali  metal  on  these  controls.  The  following 
items  were  of  particular  ir.iportance : 

1 .  Techniques  and  procedures  usea  in 
alkali  metal  fire  fighting. 

2.  Extinguishants  used  on  alkali  metal  fires. 

3.  Methods  of  containing  or  confining  leaking 
metal . 

4.  Post  fire  clean-up  proceaures, 

5.  Survey  of  conuitions  unuer  which  fires 
can  occur  and  evaluation  of  how  these  con¬ 
uitions  will  affect  fire  control. 

6.  Flame  temperatures  of  the  alkali  metals, 

7.  Compatibility  of  burning  alkali  metals 
witli  various  materials  of  construction. 

8.  Toxicity  problems. 

In  auoition  to  the  literature  review,  an  inuustrial  survey  was 
maae  to  determine  alkali  metal  fire  control  proceuures  which  are 
used  at  various  sites  throughout  tlie  country. 

The  effects  of  inert  gas  blanketing  anu  oxygen  partial 
pressures  on  alkali  metal  fires  were  evaluateu  in  Phase  III.  This 
was  performed  in  a  coi.ibustion  chamber  wiiere  tlie  atmosphere  was 
varieu  from  normal  atmospheric  composition  to  90 v  \r-10%  air. 

The  use  of  inorganic  salts  anu  salt  mixtures  was  evaluated 
in  Phase  IV.  Data  were  collected  on  the  rate  of  extinguishment  and 
the  quantity  of  extinguishant  required  as  a  function  of  fire  size. 

The  original  objective  of  Phase  V  was  to  evaluate  the 
use  of  inorganic  salt  loams  as  alkali  metal  fire  control  media.  Un¬ 
fortunately,  foams  are  generally  water  baseu  and  hence  are  not  com¬ 
patible  with  alkali  metals.  Organic  foams  were  evaluated  and  showed 
some  degree  of  promise. 

Characteristics  of  alkali  metal  jet  stream  ignition  were 
evaluateu  in  Pliase  VI.  This  work  was  performed  in  the  chamber  used 
in  the  Phase  III  stuuy. 

Extinguishment  of  large  scale  fires  ranging  from  100  to 
500  pounus  of  metal  was  evaluateu  in  Phase  \II.  The  results  in- 
uicatcu  that  uata  collccteu  on  a  10  lb  fire  coulu  be  extrapolated 
to  larger  fires. 
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III. 


RliVIbi;  OF  CURRENT  ALKALI  METAL  FIRE 
CONTROL  PRACTICES  (PHASE  I) 


The  literature  was  reviewed  to  determine  current  practices 
for  extinguishment  and  control  of  alkali  metal  fires.  As  would  be 
expectea,  the  information  is  scant)  on  alkali  metal  fires,  but  wood 
fires,  hydrocarbon  fires  and  the  like  are  described  more  extensively. 
Fire  Research  Abstracts  and  Reviews (I)  which  was  first  published  in 
1958  deals  extensively  with  the  characteristics  and  techniques  of 
extinguishing  wooa  ana  flammable  liquid  fires.  It  is  evident 
from  these  journals  that  fire  research  is  advancing  rapidly. 

The  results  of  the  literature  survey  are  summarized  in 
Appendix  I  and  Appendix  II.  The  data  presented  in  Appendix  I  re¬ 
lates  to  non-alkali  metal  fires  and  includes  a  discussion  of  com¬ 
bustion  under  zero  gravity  conditions. 

Appendix  II  summarizes  the  current  practices  of  alkali 
metal  fire  control  and  extinguishment.  Results  of  a  survey  of  a 
number  of  sites  using  alkali  metals  are  also  included  in  this 
appendix.  Review  of  these  practices  leu  to  the  following  con¬ 
clusions  : 


1.  Proper  system  design,  construction  and 
operation  are  essential  for  safe  handling 
of  alkali  metals. 

a.  System  must  be  shielded  to  protect 
personnel  and  equipment . 

b.  Drip  pans  must  be  provided  to  contain 
and  leaking  metal . 

c.  Sump  tanks  must  be  provided  to  aid 
in  removal  of  fuel  from  fire. 

d.  Systems  must  not  be  located  in  areas 
which  contain  materials  which  react 
with  the  alkali  metals. 

2.  Protective  equipment  must  be  worn  to  protect 
personnel  from  injury  and  provide  maximum  fire 
fighting  efficiency. 


a . 

Head 

protection 

-  hard 

hat 

b . 

Face 

protection 

-  face 

shield 

c . 

Eye 

protection 

-  side 

shield  goggles 
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cl.  Hand  protection  -  chrome  leather  gloves 

e.  Body  protection  -  loose  fitting  coveralls 
or  clothing  or  chrome  leather  aprons 

£.  Foot  protection  -  leather  safety  shoes 

g.  Respiratory  protection  -  respirator  or 

self  contained  breathing  apparatus 
depending  upon  the  severity  and 
nature  of  the  fire 

3.  Extinguishants  and  techniques  will  depend  upon 
the  type  of  alkali  metal  and  size  of  the  fire. 

a.  Extinguishant  should  be  applied  gently 
in  the  form  of  a  thick,  smothering  layer 

i  “  Shovel  or  scoop  application  is  suit¬ 
able  for  small  scale,  well  contained 
fires . 

ii  -  Pressurizea  extinguisher  application 
is  recommenued  for  large  fires. 

b.  Extinguishing  agents  used  will  be  dictated 
by  the  nature  of  the  fire, 

i  -  Lithium  -  graphite 

ii  -  Sodium  -  treated  NaCl 

iii  -  Potassium  -  treated  NaCl 

iv  -  NaK  -  treated  NaCl 

V  -  Rubidium  and  Cesium  -  there  is 

essentially  no  practical  background 
on  fire  fighting  of  these  metals. 

It  is  assumed  the  NaCl  will  work 
well  on  these  as  on  sodium  and 
potassium  fires. 

4.  Proper  disposal  of  a  fire  residue  will  minimize 
hazards . 

a.  Residues  should  be  cleaned  up  as  soon  as 
they  have  coolea. 

b.  NaK  and  cesium  are  particularly  trouble¬ 
some  since  they  are  liquid  at  room  tempera¬ 
ture  . 
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c.  Resiaues  of  potassium,  rubidium  and 
cesium  fires  may  contain  superoxides 
which  are  excellent  oxidizing  agents 
anu  react  explosively  with  a  number 
of  organic  materials. 

u.  Complete  combustion  of  the  residue  in 
a  uisposal  area  is  recommenueu.  Re- 
sioues  may  also  be  aestroyeu  by  dumping 
into  a  water  pit  if  proper  precautions 
are  observed. 


IV.  REVIEh'  OF  PHYSICAL  AND  CHEMICAL  PROPERTIES 
OF  ALKALI  METALS  (PHASE  II) 


A.  INTRODUCTION 


Physical  and  chemical  characteristics  of  combustibles 
must  be  considerea  in  the  development  of  fire  fighting  agents  and 
techniques.  Gaseous  or  vapor  fires  must  be  fought  differently 
than  combustible  iiquiu  fires.  The  boiling  point  anu  vapor  pressure 
of  a  flammable  liquid  are  important  facets  of  fire  characteristics. 
Flowing  liquid  fires  are  obviously  more  difficult  to  handle  than 
stationary  soiio  fires.  Scconoary  reactions  between  extinguishant 
and  the  fire  must  be  consiuer  u  anu  a  knowleuge  of  toxic  properties 
is  a  necessity  when  the  fire  ^s  to  be  fought  by  personnel  at  the 
fire  site.  The  factors  which  should  be  evaluateu  in  a  stuuy  of 
alkali  metal  fire  fighting  techniques  are: 

1.  Chemical  and  physical  properties  of  the 
alkali  metals  -  melting  point,  boiling 
point,  heat  of  reaction,  combustion  pro¬ 
ducts,  solubility  of  combustion  products, 
etc . 


2.  Chemical  anu  physical  properties  of  ex¬ 
tinguishing  agents  -  melting  point, 

XCciUL.J.VXUY  nxirll  dXnciXX  liiCcciXOi 

at  flame  temperature  anu  so  on. 


uc&.uxxXi.>^ 


5.  Toxic  properties  of  both  the  metals  and 
extinguishing  agents. 

B.  PHYSICAL  PROPERTIES  OF  THE  ALKALI  METALS 


The  physical  properties  of  the  alkali  metals  are  listed 
in  Table  1.  All  of  the  alkali  metals  have  a  metallic  luster  in  the 
pure  state  anu  all  are  silver  in  color  except  cesium  which  has  a 
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TABLE  1  -  PHYSICAL  PROPERTIES  OF  THE  ALKALI  METALS 


Lithium 

Sodium  Potassium 

MB  C3 

Rubidium 

Cesium 

Atomic  number 

3 

11 

19 

37 

55 

Atomic  weight 

6.940 

22.991 

39.10 

85.48 

132.91 

Specific  gravity 

0.534 

0.9721/ 

0.859 

1.532 

1.873 

Specific  heat (cal/gm/°(; 

)  0.7951 

0.292 

0.173 

0.0802 

0.0482 

Melting-point  ("C) 

rn 

186 

357 

97.7 

208 

63.6 

14b 

39.0 

102 

28.45 

83 

Heat  of  fusion  (cal/gin) 

32.81 

27.5 

14.63 

6.144 

3.766 

Heat  of  fusion  (cal/gm 

atom)  228 

632 

572 

525 

501 

Boiling  point 

(“10 

1,336 

2,440  1 

892 

,618  1 

774 

,400  1 

696 

,270 

670 

1,260 

Heat  of  sublimation  at 
2S®C(Kcal/gm  atom) 

36.44 

25.95 

21.52 

20.50 

18.83 

Atomic  radius  in  A® 

1.56 

1.86 

2.23 

2.43 

2.62 

Ionization  potential  (volts)  5.37 

5.12 

4.32 

4.16 

3.87 

Oxidation  potentijil  at 
(E  volts) 

77'’1-(Z5“(:) 

3.02 

2.71 

2.92 

2.99 

3.02 

Flame  coloration 

carmine 

yellow 

violet 

bluish- 

red 

blue 

Solubility  of  O7  at 
SOO*’!'  (Z5t)“C)^(^.) 

0.012 

0.006 

a.0.5 

>1 

»Z 

Heat  of  formation 
(Mlf°,Kcal)* 

-142(Li2n) 

-99.4 

-86.4 

-78.9 

-75.9 

-47,2(Li3N) 


*Theso  values  are  based  on  the  assumption  that  the  monoxides  are  formed 
during  combustion. 


8 


i 


'3 


82 


golu  color.  They  are  relatively  soft  and  of  such  a  consistency 
that  they  can  be  cut  with  a  knife,  'iheir  melting  points  are  re¬ 
latively  low,  ranging  from  83°F  for  cesium  to  357°F  for  lithium. 

They  exhibit  excellent  heat  transfer  properties,  hence  their  use 
as  coolants  is  of  interest,  t'hen  contained  in  a  pure  state, 
particularly  free  of  oxygen,  they  are  non-corrosive.  The  low 
melting  points  auu  to  the  complexity  of  alkali  metal  fires  since 
they  are  liquids  at  the  flame  temperatures.  Tliis  property  also 
increases  the  reactivity  of  the  alkali  metals  with  many  materials. 

In  contact  with  water,  the  exothermic  reaction  raises  the  tempera¬ 
ture,  which  causes  the  metal  to  melt,  which  increases  the  surface 
area  for  reaction.  For  this  reason  lithium,  with  its  higher 
melting  point,  is  less  reactive  than  the  other  alkali  metals. 

Specific  gravity  of  the  alkali  metals  must  be  considered 
when  a  smothering  salt  is  useu  as  the  extinguishant .  If  the  salt 
has  a  liii,her  specific  gravity  than  the  alkali  metal, there  is  a 
tenuency  for  the  salt  to  sink  exposing  fresh  metal  and  extinguish- 
raent  cannot  be  obtaineo.  Commercial  preparations  of  k'aCi  (Sp.Cr.  = 
2.165)  will  sink  in  litiiium  (Sp.  Gr.  =  0.534)  rendering  this 
material  unsuitable  as  a  lithium  fire  extinguishant.  The  uenser 
metals,  such  asrubiuium  anu  cesium  shoulu  support  a  salt  crust 
better  than  the  lighter  alkali  metals,  however,  lack  of  oxiuc  for¬ 
mation  on  the  surface  due  to  high  oxygen  solubilities  in  the 
heavier  alkali  metals  can  be  uctrimental  since  there  is  no  oxide 
crust  on  wiiich  the  extinguishant  can  be  supporteu. 

Specific  heat  shoulu  have  some  effect  on  the  charac¬ 
teristics  of  alkali  metal  fires,  however,  the  heat  of  ccii.bustion, 
1600  cal/g  for  souium,  is  high  enough  to  minimize  any  cooling  effect 
of  the  bulk  of  the  metal. 


Boiling  points  of  the  alkali  metals  are  extremely  high 
comparcu  to  boiling  points  of  flammable  organic  fluius.  Many 
liquids  are  flammable  because  of  the  high  vapor  concentration  above 
the  liquid  surface  with  the  vapors  burning  rather  than  the  liquiu 
itself.  It  is  unlikely  that  tlie  alkali  metals  burn  Dy  tliis 
mechanism  although  the  boiling  points  of  the  metals  are  approached 
in  burning  quiescent  pools.  liowever,  alkali  metals  can  ignite  at 
temperatures  where  tiie  vapor  pressure  is  negligible  -  in  fact 
ii^nition  will  occur  at  a  few  degrees  above  the  melting  point. 


C.  UiHhiCAL  rUOFhkTIFS  OF  THl;  ALKALI  MFTALS 


Tlie  alkali  metals  are  all  extremely  ciiemically  reactive, 
with  the  reactivity  increasing  with  an  increase  in  atomic  weight. 
They  are  all  strong  reuucing  agents  ano  reauily  form  univalent 
positive  ions.  Alkali  metals  react  with  water  with  explosive 
violence.  Although  they  ignite  spontaneously  in  the  atmosphere, 
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it  has  been  re^orteu  that  they  can  be  heate'l  in  an  atmosphere  of 
ary  oxygen  to  their  melting  points  without  reaction.  Lithium 
reacts  with  both  oxygen  and  nitrogen  in  the  atmosphere,  forming 
Li20  anu  Li3N.  Sodium  reacts  with  atmospheric  oxygen  forming 
either  Ka20  or  Aa202.  The  remaining  metais,  potassium,  rubidium 
and  cesium,  react  with  oxygen  to  form  superoxides  of  the  form  1MO2 
or  M2O4 .  (The  superoxiaes  are  useful  in  self-contained  breathing 
apparatus  and  are  now  being  considered  as  oxygen  supplies  in  life 
support  systems  in  space  vehicles.) 

The  alkali  metals  ignite  spontaneously  at  temperatures 
slightly  above  their  melting  points.  A  significant  temperature 
range  for  ignition  temperatures  exists  since  spontaneous  ignition 
depends  upon  the  humidity,  character  of  the  exposed  surface,  de¬ 
gree  of  dispersion  and  so  on.  During  combustion,  only  small  flames 
are  visible  but  an  intense  light  is  raaiated  from  the  burning  mass. 

Alkali  metals  react  exothermically  with  the  halogens, 
emitting  light.  Hence,  halogenated  hyurocarbons  such  as  CCl^  can¬ 
not  be  used  to  extinguish  alkali  metal  fires.  The  reaction  of 
alkali  metals  with  CCI4  is  nearly  as  violent  as  the  reaction  with 
water.  In  general,  any  of  the  alkali  raetals  will  reduce  salts  of 
alkali  metals  of  a  higher  atomi'  weiglit .  This  factor  must  be  con¬ 
sidered  in  choosing  a  salt  extinguishant  since  reduction  of  the 
salt  can  result  in  a  fire  of  the  alkali  metal  originally  combined 
in  tiie  salt.  For  example,  NaCl  used  on  a  lithium  fire  can  result 
in  a  souium  fire. 

Historically,  CO2  has  not  been  uscu  as  an  extinguishant 
for  alkali  metal  fires.  This  is  not  to  suggest  that  a  violent 
reaction  will  occur,  but  secondary  proaucts  which  are  formeu  can 
be  iiazaroous.  Formation  of  CO  in  closeu  environments  could  lead 
to  asphyxiation  of  fire  fighting  personnel  and  it  has  been  suggesteu 
that  carbonyls,  whicii  are  potentially  explosive  iii  nature  can  be 
formeu . 

U.  TOXICITY  OF  THE  ALKALI  METALS 


Because  of  tiieir  extreme  reactivity,  it  is  unlikely  that 
the  alkali  metals  will  exist  as  free  elements  in  the  atmosphere. 
However,  the  oxiues,  hydroxiuos  and  carbonates  can  become  airborne 
anu  pose  inhalation  hazarus.  The  principal  hazard  seems  to  be 
the  caustic  effect  which  can  damage  lung  tissue.  Values  for  a 
lethal  uose  of  50%  (LD-50)  of  the  alkali, metal  chlorides  on  in- 
traperitoncal  auministration  in  mice  are^ 
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Salt 


LD-50  (uK-kfi) 


KCL 

670 

LiCl 

1060 

RbCl 

1209 

CsCl 

1635 

NaCl 

3096 

Cochran,  et  reportea  an  LU-50  of  1200  to  1500  in‘,/kg  for 

CsCl,  Csilr,  Csl  anu  CsNOg  and  an  LD-SO  of  100  mg/kg  for  CsOH.  'Ihe 
caustic  effect  is  uran.atically  shown  by  these  comparative  values. 


V.  hl-I-HCTS  OF  INERT  GAS  BLANKETING  ANU  OXYGEN  PAPTIAL 
PRESSURE  OK  ALKALI  METAL  FIRES  (PHASE  III) 


A.  INTRODUCTION 

The  purpose  of  this  phase  of  the  stuuy  was  to  uetermine 
the  effect  of  atmospheric  conuitions  on  the  severity  of  an  alkali 
metal  fire.  Tiie  effect  of  oxygen  partial  pressure  at  normal  at¬ 
mospheric  pressure  anu  the  effects  of  reuuceu  absolute  pressure  on 
fire  characteristics  were  stuuieu.  The  uata  should  indicate  the 
atmospheric  conuitions  which  can  inhibit  an  alkali  metal  fire;  it 
should  also  uemonstrate  the  effect  of  venting  the  compartment  of  a 
high  altitude  craft.  Table  2  shows  the  physical  characteristics  of 
tlie  atmosphere  up  to  100,000  ft.  Evaluation  of  combustion  charac¬ 
teristics  in  pure  oxygen  atmospheres  at  retuceu  pres.'  re  was  not 
a  part  of  this  stuuy. 

B .  APPARATUS 

The  controlled  atmosphere  combustion  chamber  was  con¬ 
structed  of  1/4  in.  carbon  steel  plate  and  was  approximately  5  ft 
X  5  ft  X  i  ft.  Figure  1  shows  a  schematic  diagram  of  the  com¬ 
bustion  vessel  and  a  photograph  of  the  combustion  chamber.  Rein¬ 
forcing  bars  oil  the  outside  of  the  chamber  preventcu  collapse  of 
the  walls  uuring  reouceu  pressure  operations.  The  chamber  held  a 
vacuum  of  0.1  atmos,^here  for  4  days.  The  cl. amber  was  fitted  with 
4  view  |.orts  for  observation  anu  filming,  of  the  fires,  f'penings 
were  provided  for  evacuation,  sampling  and  adjustment  of  the 
c'nai.iber  atmospiierc.  Access  to  tiic  ciiai.ber  v.as  tiirougii  a  square 
1  i/4  ft  door . 
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TABLE  2  -  PHYSICAL  CHARACTERISTICS  OF  ATMOSPHF.RFi  UP  TO  lOiOnO  FT. 


FIG  la  -  DETAIL  OF  CONTROLLED  ATMOSPHERE  ALKALI  METAL  VESSEL 


FIG  lb  -  CHAMBER  FOR  CONTROLLED  ATMOSPHERE 
ALKALI  METAL  FIRES 


FIG  1  -  APPARATUS  FOR  CONTROLLED  ATMOSPHERE  ALKALI  METAL 

COMBUSTION  STUDIES 


The  alkali  metal  was  contained  in  a  3  in.  dia.  x  3  in. 
ueep  combustion  vessel.  The  vessel  was  fitted  with  a  lid  which 
was  bolteu  in  place  after  the  vessel  was  fillcu  with  alkali  metal. 
Heat  was  supplieu  to  the  vessel  with  four  275  watt  Chromalox 
heaters  positioned  in  a  heating  block  located  outside  of  tlie  chamber. 
Temperatures  were  m^asureu  in  the  heating  block,  the  alkali  metal 
and  ^1  in.  above  the  alkali  metal  surface. 

After  the  metal  was  cliarged  to  the  combustion  vessel, 
the  vessel  was  placed  in  tlie  chamber  and  connected  to  tlie  mani¬ 
pulating  reus  wiiicli  permitted  removal  of  the  lid  after  the  chamber 
hau  been  sealcu,  the  atmosplicre  adjusted  and  the  metal  heated  to 
temperature.  After  the  combustion  vessel  Iiad  been  secured  in  the 
cliaciber ,  the  access  uoor  was  bolted  in  place.  TJie  chamber  atmos¬ 
phere  was  aujusteu  by  eitlier  pumping  down  to  the  desired  absolute 
pressure  or  replacing  the  atmosphere  with  the  desired  oxygen-inert 
gas  mixtures.  Gas  samples  were  transferred  to  the  mass  spectro¬ 
meter  for  atmospheric  composition  analyses.  Tlie  lieaters  were 
turned  on  anu  the  combustion  vessel  was  lieated  to  the  uesired 
temperature.  Tlie  lid  was  then  removed  from  the  vessel  and  the 
alkali  metal  ignited.  The  run  was  allowed  to  proceed  until  the  fire 
extinguished  itself  or  the  melt  was  completely  combusted. 

C.  RESULTS 

Table  3.  lists  the  results  on  the  effects  of  inert  gas 
blanketing  anu  oxygen  partial  pressures,  The  weight  of  the  various 
rnetals  was  varied,  depending  upon  whicli  metal  was  being  used,  so 
that  the  ratio  of  air  to  metal  was  10  times  that  required  for  com¬ 
plete  combustion.  The  alkali  metal  weights  varied  from  lOOg  of 
sodium  to  COOg  of  cesium.  Initially,  an  attempt  was  made  to  analyze 
the  gas  remaining  after  combustion,  but  the  quantity  of  gas  con¬ 
sumed  was  too  small  to  allow  reliable  analyses,  bach  metal  was 
exposed  to  air  in  tlie  chamber  at  1  atm  (oxygen  partial  pressure  * 

0.2  atm)  and  0.1  atm  (Oo  pp  ■  0.02  atm)  and  to  atmospheres  con¬ 
taining  50%  air-501  Ar  (O2  pp  »  0.1  atm)  and  10%  air-90%  Ar 
(O2  pp  ■  0.02  atm).  After  the  combustion  ceased,  the  residues 
were  removed  from  the  chamber  and  analyzed  for  residual  free  metal. 

Lithium  exposed  to  normal  atmospheric  conditions  did  not 
ignite  at  540®F.  When  the  metal  was  heated  to  600“F,  it  did  ignite 
and  gave  a  maximum  flame  temperature,  as  measured  1  in.  above  the 
combustion  vessel,  of  1420®F.  At  0.1  atm  and  with  50%  Ar  and  90% 

Ar,  lithium  did  not  ignite  even  when  heated  to  800*F. 

Sodium  at  500*F  ignited  immediately  when  exposed  to 
normal  atmospheric  composition,  with  78%  of  the  metal  consumed  in 
the  fire.  The  maximum  flame  temperature  was  1100®F,  A  repeat  run 
under  these  conditions  showed  82%  combustion  and  a  maximum  flame 
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TABLE  3-  EFFECTS  OF  INERT  GAS  BLANKETING  AND  O2  PARTIAL  PRESSURES 


i 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 


Klin 

No. 

Mctnl 

Tc"}'. 

Cl) 

Mctnl 

Biiilicil 

=UL= 

Absolute 

I’rcssure 

Oaycoo 

rnrtial 
J"4n)  - 

Max  1  nun 
riane  Temp. 

(T) 

Rcnnrks 

STSS 

-  —i 

— 

1 

LI 

S40 

76 

! 

0.2 

1420 

Ho  ignition;  pot  heated  to  600*F  and 
netal  Ignited, 

2 

1.1 

S60 

"  • 

O.l 

0.02 

-• 

Ho  Reaction;  surface  201  black. 

J 

.  LI 

soo 

-- 

iC) 

0.1 

-- 

Ho  Ignition. 

4 

LI 

soo 

•• 

l(Z) 

0.1 

-• 

Ho  Ignition,  netn!  stirred. 

S 

Li 

sso 

-- 

,(C1 

0.02 

•• 

.•Jranll  wisps  of  smoke;  no  reaction. 

6 

Na 

soo 

78 

1 

0.2 

1100 

.Sample  If.nltrd  upon  removal  of  lid. 

7 

Na 

sou 

82 

1 

0.2 

1170 

Snirple  ignited  upon  renoval  of  lid. 

1 

Ha 

soo-eoo 

-- 

0.1 

0.02 

-• 

Ho  ignition;  occasional  sparking. 

y 

Nn 

soo 

--173) 

0.1 (0.8) 

(4) 

0.02 

1180 

No  ignition;  air  admitted  to  chamber 
with  Ignition  at  0.8  atn. 

10 

Na 

soo 

S3 

,(2) 

0.1 

1030 

U 

Ha 

480 

-• 

,(3) 

0.02 

Ho  Ignition. 

U 

K 

soo 

79 

■1 

0.2 

800 

S.anplc  Ignited. 

13 

K 

soo 

86 

0.1 

0.02 

700 

Ho  fire:  wisps  of  tnoke;  slow  oxidation 

14 

K 

soo 

49 

1(2) 

O.l 

7S0 

IS 

K 

sso 

46 

l(3) 

0.02 

330 

Metal  on  side  of  vessel  reacting. 

10 

ttb 

sou 

100 

1 

0.2 

670 

Hnoko  but  no  finne. 

17 

Rb 

S2U 

96 

0.1 

0.02 

-• 

Ho  fire;  sides  of  pot  and  surface  of 
mctnl  turned  black. 

18 

Hb 

SOO 

100^ ‘J 

,(2) 

0.1 

SOO 

Ho  fire;  heavy  srokc  reaction  around 
upper  edge  of  pot. 

19 

lib 

480 

looH) 

l(3) 

O.Oi 

200 

No  fire  but  heavy  snoke. 

20 

Cj 

soo 

100^*^ 

1 

0.2 

620 

Smoke  but  no  flame. 

21 

Cs 

S2S 

looC) 

0.1 

0.02 

300 

Hn  fire;  white  oxide  on  surface;  oxide 
turned  black. 

22 

Cs 

480 

loo(i) 

l(2) 

0.1 

240 

Ho  fire;  mall  amount  of  sroke  coning 
from  side  of  pot. 

23 

(  s 

480 

looC) 

,(3) 

0.02. 

ISO 

Ho  fire  but  a  small  amount  of  smoke 
coming  from  sides. 

(1) 

Ho 

CVillcilLC 

of  free  rictol 

cn 

sot 

olr  •  SOI  ari;oii 

(3) 

lot 

olr  •  903  orcon 

(4) 

Ho 

ii;iil  t  Ion 

occurrcil  ot  0 

.1  atn  so 

air 

was  ndnltteil 

to  tlic  ch.inlicr  with  li;nltlon  nt  0,8  otn. 
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temperature  of  il70°F.  At  0.1  atm  soaium  uiu  not  ignite  but 
uiu  emit  an  occassional  spark.  Air  was  slowly  atimitteci  to  the 
chamber  and  the  metal  igniteu  at  0.8  atm  with  731  of  the  metal 
consumeu.  In  the  501  air-50%  Ar  mixture,  souium  ignited  and  531 
of  the  metal  burneu;  the  flame  temperature  was  1030°F,  No  ignition 
occurreu  in  the  lO’o  air-50'o  Ar  mixture. 

Potassium  at  500®F  ignited  when  exposed  to  air  at  normal 
atmosphere  composition  with  791  of  the  metal  consumeu  and  a  maxi¬ 
mum  flame  temperature  of  800°F.  At  0.1  atm,  the  metal  did  not 
ignite  but  it  uia  slowly  oxidize.  The  maximum  temperature  above 
the  metal  was  700°F;  861  of  the  metal  was  oxidized.  Potassium 
did  not  ignite  in  the  50%  Ar  anu  90%  Ar  atmospiieres  but  again  it 
slowly  oxidized  with  49%  consumed  in  the  50%  Ar  atmosphere  and  46% 
consumeu  in  the  90%  Ar  atmosphere.  The  temperature  above  the  metal 
rose  to  only  350®F  under  the  latter  condition. 

Kubiuium  at  500‘*F  was  completely  consumed  under  all  of 
the  atmospheric  conditions.  However,  the  characteristic  emission 
of  light  and  dense  oxide  vapors  normally  associated  with  lithium, 
sodium  and  potassium  fires  were  not  evident  with  rubidium.  Some 
smoke  was  given  off,  but  no  oxide  was  formeu  on  the  surface  of  the 
metal  and  there  was  no  emission  of  light.  The  maximum  temperature 
measured  above  the  combustion  vessel  was  670°F.  The  residue  after 
combustion  was  a  uark  brown  to  black  mass  and  uiu  not  resemble  a 
residue  of  lithium,  souium  or  potassium  fires.  Figure  2  shows  a 
comparison  of  residues  of  the  alkali  metals. 

Cesium  behaveu  in  a  manner  similar  to  rubidium.  Little 
smoke  anu  no  emission  of  liglit  was  observed  during  oxidation  of 
the  metal.  Tlie  metal  was  completely  consumed  and  a  maximum  tempera 
ture  of  620®F  (under  normal  atmospheric  conditions)  was  observed. 
With  an  atmospliere  of  10%  air-90%  Ar,  the  mecal  was  completely 
oxidized  but  the  maximum  temperature  recorded  above  the  combustion 
vessel  was  150°F,  Additional  discussion  of  the  oxidation  charac¬ 
teristics  of  rubidium  anu  cesium  appears  in  the  next  section. 


VI.  tXTINGUISHMLNT  OF  ALKALI  METAL  FIRES  USING 
INORGANIC  SALTS  ANU  SALT  .MIXTURES  (PHASE  IV) 


A.  INTRODUCTION 


The  objective  of  this  phase  of  the  study  was  to  evaluate 
various  salts  anu  salt  mixtures  as  extinguishants  for  alkali  metal 
fires.  Tne  effectiveness  of  these  salts  on  potassium,  rubidium  and 
cesium  fires  was  of  particular  interest  since  little  data  existed 
on  tlie  extinguishment  of  these  alkali  metal  fires.  Salts  extinguish 
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FIG  2  -  FIRI:  RESIDUF.S 


fires  primarily  by  smother iT>g  the  burning  mass  and  excluding  oxygen, 
although  some  cooling  may  '.e  realized  as  a  result  of  the  heat  ab¬ 
sorbed  during  fusion  of  th^  ^alt.  It  is  essential  that  these  salts 
are  absolutely  dry  and  essentially  non-reactive  with  the  alkali 
metal.  They  must  float  on  the  liquid  alkali  metal  or  be  suspended 
on  the  alkali  metal  oxiae  and  must  not  be  susceptible  to  burn- through . 

It  was  recognizee  that  a  "standard  fire"  must  be  selected 
to  compare  the  efficiencies  of  the  various  salts.  Four  combustion 
vessels  with  capacities  of  0.1,  1.0,  10  and  100  pounds  were  fab¬ 
ricated  and  a  number  of  preliminary  tests  were  made  to  extinguish 
a  standard  fire  size.  Use  of  rubidium  ano  cesium  for  the  larger 
fires  (over  1  lb)  was  not  economically  feasible.  It  was  found  that 
data  generated  with  a  10  lb  fire  could  be  reliably  extrapolated  to 
larger  fires  although  these  extrapolations  are  more  logically  based 
on  fire  surface  area  rather  than  weight. 

Prior  to  the  experimental  studies  on  this  phase, 
Friedrich's^^-'  work  on  alkali  metal  fire  extinguishment  was  re¬ 
viewed.  As  a  result  of  his  work,  several  high  boiling  point  or¬ 
ganic  liquids  were  evaluated  in  addition  to  the  salts,  Friedrich's 
work  is  summarized  in  Appendix  III. 

13.  SELECTION  OF  SALTS  TO  BE  USED  ON  ALKALI  METAL  FIRES 


Saits  to  be  used  as  extinguishants  for  alkali  metal  fires 
should  exliibit  certain  characteristics.  These  characteristics 
include : 


1,  Non-reactive  with  the  alkali  metal 

2.  Melting  points  equal  to  or  greater  than 
the  alkali  metal  flame  temperature 

3,  Density  less  than  the  alkali  mjtal  density 

4.  Non-toxic 

The  ultimate  salt  would  be  one  with  a  melting  point  equivalent  to 
the  flame  temperature  so  that  the  salt  in  contact  with  the  fire 
would  fuse  and  form  a  "glass"  crust  over  the  metal.  In  this  fashion, 
oxygen  would  be  excluded  from  the  fire. 

It  is  also  required  that  the  salt  be  non-reactive  with 
the  alkali  metal.  A  reactive  salt  could  increase  the  temperature 
of  the  melt  or,  if  explosively  reactive,  could  spatter  the  alkali 
metal  over  a  large  area.  One  exception  to  this  rule  would  be  if 
the  reaction  products  would  form  a  fused  coating  over  the  raw  metal . 
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A  salt  with  a  uensity  less  than  the  alkali  metal  is  ue- 
sirable  since  the  salt  would  then  float  on  tlie  surface.  Since  the 
density  of  the  alkali  metals  range  from  0.534  gm/cm^  for  lithium 
to  1.873  gm/cm^  for  cesium,  it  is  difficult  to  select  a  salt  less 
uense  tnau  the  alkali  metals,  fortunately,  the  oxiues  of  lithium, 
souium,  N’aK  anu  potassiun,  form  a  coating  on  the  metal  surface  thus 
minimizing,  this  uensity  requirement. 

The  uesirability  of  non-toxic  properties  is  obvious. 

This  is  particularly  true  in  manneo  craft  where  uilution  of  the 
toxic  vapors  with  large  quantities  of  the  ambient  atmosphere  is 
not  feasible. 


Table  4  lists  a  number  of  salts  \.hich  were  consiuered 
as  ivOtential  canuiuates  for  alkali  metal  fire  extinguishment. 
Table  5  lists  a  number  of  salt  mixtures  wliich  were  consiuereu. 

C.  LSTAdLISiiMLNT  Of  STAN'uAKD  FIRb 


four  circular  combustion  pans  \.cre  fabricateu  for  this 
piiase  of  the  stuuy.  Typical  configuration  of  these  pans  is  shown 
in  figure  3.  Ciiaracteristics  of  these  pans  are  presenteu  in  Table 

6.  Tlie  pans  were  sizeu  so  that,  when  filleu  half  way,  they  con- 
taineu  0.1,  1.0,  10  or  100  lbs  of  metal.  The  surface  to  volume 
ratio  was  0.05  to  0.69/1.  By  maintaining  the  same  ratio  in  each 
pan,  uata  from  the  various  sizeu  fires  could  be  extrapolated 
either  on  the  basis  of  surface  expcseu  or  weight  of  metal  burning. 

The  pans  were  fabricateu  of  304  stainless  steel  and  were 
instrumenteu  with  thermocouples  to  inuicatc  the  bulk  metal  tempera¬ 
ture  anu  the  flame  tem,>erature .  A  typical  run  proceeueu  as  follows: 

1.  Charge  pan  with  alkali  metal 

2.  Place  iiu  on  pan 

3.  Maintain  metal  unuer  inert  cover  gas 

4.  Heat  metal  to  500°r 

5.  Remove  liu 

6.  Allow  fiiE^to  reach  maximum  flame  temperature 

7.  Apply  exH^ngwishant 

8.  After  fire  was  extinguished,  rekindle 
anu  allow  to  burn  to  completion 

9.  Wash  resiuue  from  pan  with  water, 

I'jotion  pictures  were  taken  of  all  of  the  runs  which  were  maue  anu 
the  research  films  are  being  submitteu  as  part  of  the  contractual 
agreements . 


Initial  efforts  on  uebugging  the  equipment  anu 
a  stanuaru  fire  were  conuucted  w’ith  souium  metal.  These 
presenteu  in  Table  7.  Runs  1-307-1,  2-307-1  and  1-307-3 


establishing 
results  are 
were  made 
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TABLE  4  -  SINGLE  SALTS  CONSIDERED  FOR  ALKALI 
METAL  FIRE  EXTINGUISHMENT 


nguisliant 

M.  P.(“C) 

Specific  Gravity 

Reactivity Ci) 

Toxic  Prop 

AI2O3 

2050 

3.5 

M 

^12(^04)3 

770 

2.71 

- 

11 

AlBr3 

97.5 

3.01 

+ 

H 

AICI3 

190 

2.44 

+ 

H 

B2O3 

294 

1.84 

- 

M 

B4C 

-107 

1.45 

- 

M 

BN 

3000  Subl. 

2.20 

- 

M 

BaO 

1923 

5.72 

_ 

M 

BaC03 

1740 

4.43 

- 

M 

Ba3r2 

847 

4.78 

+ 

M 

BaCl2 

925 

3.85 

7 

M 

CaC  2O4 

d 

2.2 

+ 

M 

CaCOs 

1339 

2.71 

- 

S 

CaF2 

1360 

3.18 

- 

H 

CaBr2 

765 

3.35 

+ 

H 

{;aCl2 

772 

2.51 

- 

S 

CS2CO3 

d610 

•  .. 

+ 

U 

CS2O 

d360-400 

4.36 

+ 

U 

CS2C2O4 

_  - 

-  - 

+ 

H 

CsF 

684 

3.58 

- 

H 

CsBr 

636 

4.44 

+ 

H 

CsCl 

646 

3.97 

- 

U 

Csl 

621 

4.51 

+ 

H 

K2C2O4 

d 

2.127 

+ 

H 

K2CO3 

891 

2.428 

- 

H 

K2O 

2.56 

-  . 

H 

KBr 

730 

2.75 

+ 

H 

KCl 

776 

1.98 

- 

H 

KI 

7  23 

3.13 

+ 

H 

K2SO4 

588 

2 . 66 

- 

H 

KF 

880 

2  .48 

- 

H 

Li2C204 

d 

2.121 

+ 

H 

L12CO3 

618 

■2.111 

- 

M 

LiBr 

547 

3.464 

+ 

H 

LiCi 

615 

2.068 

- 

M 

LiF 

870 

2.601 

H 

MgO 

2800 

3.58 

- 

M 
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TABLE  4  -  Continued 


hxtinguishant 

M.  P.(‘’C) 

Specific  Gravity 

Reactivity (i) 

Toxic  Properti 

Na2C204 

9 

2.34 

+ 

H 

Na2C03 

-H2O  850 

2.25 

- 

M 

Na2S04 

884 

2.69 

- 

U 

NaF 

880-997 

2.79 

- 

II 

NaBr 

755 

3.20 

+ 

H 

NaCl 

801 

2.16 

- 

N 

Nal 

651 

3.06 

+ 

H 

NII4F 

Subl. 

1.31 

+ 

H 

Nil4Cl 

Subl.  335 

1.52 

+ 

S 

NH4Br 

Subl.  542 

2.42 

+ 

H 

NH4l' 

Subl.  551 

2.51 

+ 

M 

ftb20 

400 

3.72 

- 

H 

Rb2C03 

837 

- 

H 

RbBr 

682 

3.35 

+ 

H 

RbCl 

715 

2.76 

- 

U 

RbF 

760 

2.88 

- 

H 

Rbl 

642 

3.55 

+ 

H 

SiOo 

1710 

2.32 

+ 

U 

Sic 

2600  Subl. 

3.21 

- 

S 

SrC03 

1497 

3.70 

S- 

(1)  +  indicates 

probable  reaction;  -  no  reaction 

Toxicity  Rating  Code-Acute  Inhalation  Only 

N  -  None 
S  -  Slight 
M  -  Moderate 
H  -  High 
U  -  Unknown 

Oxalates  -  Corrosive,  produces  local  irritation,  dangerous  fumes  when 
heated  (3) , 

Fluorides  -  Very  toxic,  acute  effects  due  to  MF  (3)  , 

Bromides  -  Toxic  fumes  when  strongly  heated;  can  produce  depression, 
emanciation,  psychoses,  rashes  (3). 

Iodides  -  Toxic  fumes  of  iodine  when  heated  (3)  . 

Chlorides  -  Vary  widely,  as  NaCl  has  low  toxicity  and  C0Ci2  is  very  toxic. 
Can  combine  with  II2  to  give  toxic  HCl  fumes. 
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TABLE  5  -  SALT  MIXTURES 


Salt  Mixtures  (Wt.  %)  M.  P.  {°C) 


43.87  NaCl  -  56.13  AICI3 

110 

15.45  NaCl  -  84.54  CeCl^ 

490 

71.79  NaCl  -  28.21  LlCl 

552 

27v34  NaCl  -  72.66  MgCl2 

450 

50  LiCl  -  50  KCl 

287-323 

33  LiCl  -  33  KCl  ^  33  CsCl 

425 

50  LiCl  -  50  KCl  -  5  CsCl 

287-323 

50  LiCl  -  50  KCl  -  10  CsCl 

287-323 

57.02  LiCl  -  42.98  KCl 

443 

2237  LiCl  -  77.03  KCl 

350 

73  LiCl  -  27  BaCl2 

510 

62  LiCl  -  38  CaCl2 

496 

40  LiCl  -  60  Li2C03 

506 

79.42  LiCl  -  20.58  BaCl2 

510 

20  LiCl  -  80  LiF 

485 

75  LiCl  -  25  LiBr 

520 

12  LiBr  -  88  LiF 

453 

26.77  LiF  -73.23  Li2Mo04 

620 

75  LiF  -  25  Li2C03 

604 

30.87  LiF  -  69.13  KF 

492 

28.32  LiF  -  71.68  NaF 

652 

5.  17  LiF  -  94.83  AIF3 

720 

27.42  LiF  -  72.58  KF 

492 

25.52  Li20  -  74.48  B2O3 

620 

73  NaBr  -  57  Na2S04 

625 

22.49  NaBr  -  77.51  CsBr 

460 

32  Nal  -  68  Csl 

435 

6.5  NaCl-  93.5  CsF 

615 

40.75  NaF  -  59.25  KF 

710 

47.76  CUSO4  -  52.24  K2SO4 

460 

52.91  CUSO4  -  47.09  Na2SO^ 

500 

Toxic  Properties 
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TABLE  5  -  Continued 


Sait  Mixtures  (Wt.  %) 


M.  P.  (°C}  Toxic  R-pperties 


21,26  KCl  -  78,74  BaCl  2 
25,31  (KP03)2  -  ■74.69  K2SO4 
36.85  KCl  -  63.15  HgCl2 
30  KBr  -  70  K2SO4 
45  K2M0O4  -  55  M0O3 

25  M0O3  -  75  Na20 
43  M0O3  -  56.37  Na20 
62.34  M0O3  -  37.66  K2O 

70. 17  CS2O  -  29.83  M0O3 

75  CdBr2  -  25  ZrBr2 


655 

M 

718 

M 

182 

H 

660 

H 

465 

S 

499 

H 

552 

H 

470 

H 

460 

U 

364 

H 
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IG  3a  -  CONTAINER  FOR  0.1  LB 
ALKALI  METAL  FIRES 


FIG  3b  -  CONTAINER  FOR  1.0  LB 
ALKALI  METAL  FIRES 


( 


FIG  3  -  EXPERIMENTAL  APPARATUS  FOR  ALKALI  METAL 
FIRE  FIGHTING  STUDIES 
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TABLE 


6  -  CHARACTERISTICS  OF  COMBUSTION  PANS 


Pan 
Dia . 
(in) 

Cross  Sectional 
Area  (in^) 

Weight  of 
(?bs)(i) 

Volume  of 
Metal  (in^) 

Surface  to  Volume 
Ratio  (S/y) 

1.6 

2 

0.1 

2.9 

0.69 

5 

19.6 

1.0 

29 

0.68 

15.5 

189 

10 

290 

0.65 

51 

1950 

100 

2940 

0.66 

(1)  Based  on  Na 
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Kun  Nu. 


1-J07-S 

7-J07-5 

1- 307-10 

3-307-13 
0-307-S 

7-307-S 

7-307-S 

0-307-8 

5-307-S 

3- 307-S 

4- 307-S 
9-307-9 

2- 307-6 

5- 307-8 

3- 307-7 

7- 307-8 

8- 307-9 
3-307-7 

3- 307-7 

4- 307-8 

4-307-8 

3-307-7 

3-307-7 

3- 307-7 

4- 307-8 

7-307-8 

7- 307-8 

8- 307-9 

9- 307-9 
4-307-12 

2-307-15 


2- 307-10 

3- 307-10 
2-307-11 

6- 307-11 

7- 307-11 


8-307-11 

1- 307-12 

2- 307-12 

1- 307-13 

3- 307-12 

2- 307-13 
1-307-11 

5-307-12 

3- 307-13 


TABLE  7 


SELECTED  DATA  ON  ALKALI 


I 

I. 


I 


Metvl  Tecip.  K.  Ili 

cn  (1) 


Hind  Vel. 
(ri/mln) 


Height  of 

Tine  to  Oeoch 

Max.  Temp. 

hxtinnulshant 

MctHl 

Max.Tcnp. 

{*F) 

(Min.) 

===== 

I 


Na 

500 

46 

400 

10 

.Sa 

500 

58 

200 

10 

Na 

500 

60 

250 

100 

Na 

500 

8 

70 

10 

Li 

500 

55 

0-30 

1 

Li 

500 

60 

0-5 

1 

1.1 

500 

40 

0-20 

1 

(,s 

500 

32 

170 

0. 

K 

500 

32 

180 

10 

Na 

500 

54 

200 

10 

.Nu 

500 

54 

200 

1 

Na 

500 

53 

75 

10 

Na 

500 

40 

40-100 

10 

.Na 

500 

32 

170 

1 

Na 

$00 

40 

40-100 

10 

Na 

500 

46 

350-400 

10 

Ha 

500 

30 

-- 

10 

Na 

500 

41 

100 

1 

Na 

500 

41 

100 

I 

Na 

500 

42 

170 

1 

Na 

500 

42 

170 

1 

Na 

500 

41 

100 

1 

Na 

500 

41 

100 

1 

Na 

sna 

41 

100 

1 

Na 

500 

42 

170 

1 

'.‘a 

500 

46 

350-400 

10 

.Na 

500 

46 

350-400 

10 

;.a 

500 

30 

-  - 

10 

Na 

500 

58 

75 

10 

.Sa 

500 

28 

0-60 

10 

Na 

500 

. 

60 

10 

Na 

500 

- 

60 

10 

.NaK 

500 

- 

120 

10 

K 

500 

- 

100 

10 

1.1 

500 

- 

250 

10 

Na 

500 

68 

0-40 

10 

1.1 

500 

68 

0-40 

10 

Na 

500 

54 

75 

in 

Na 

500 

48 

500-600 

10 

Na 

500 

48 

500-600 

10 

Na 

500 

48 

500-600 

10 

.Na 

500 

40 

200 

10 

.Sa 

500 

32 

40-110 

in 

Na 

500 

66 

0-70 

1 

Ha 

500 

28 

0-60 

1" 

Na 

500 

40 

345 

0 

Na 

500 

<2 

0-5 

10 

Na 

500 

58 

80 

10 

l.i 

500 

58 

280 

10 

37 

1370 

Met-I.-X 

9 

1160 

Het-L-X 

27 

1620 

Mct-I.-X 

10 

1000 

Mct-I.-X 

7 

2000* 

Mct-I.-X 

8 

2000* 

Mct-I.-X 

2000* 

ABC  (Mct-I.-X) 

6 

620 

.Mct-I.-X 

28 

1000 

Met-L-X 

13 

1140 

Purple  K 

IS 

1160 

Carbon  Wool 

7 

1280 

Graphite 

10 

1360 

NasPO^ 

4 

1130 

KajPO^ 

5 

1520 

NatPiOx 

10 

1290 

Ca3(P04)2 

12 

1320 

Ca3(P04)2 

8 

1140 

NaP 

2 

1260 

Nan 

4 

1280 

xr 

3 

1080 

xri 

5 

1180 

hit 

4 

1230 

i.iri 

2 

2130 

bitir 

10 

1240 

Kiir 

17 

1520 

Al2t>5 

26 

1410 

Aids 

IS 

1500 

(:aS04 

4 

1310 

II203 

1200 

l.ithiun  riuoride 

5 

1580 

TIC  Powder 

5 

1380 

TIC  Powder 

4 

1220 

TIC  Powder 

5 

1180 

TIC  Powder 

8 

2000 

TIC  Powder 

1020 

Isopropyl  Biphenyl  6  COj 

1420 

Isopropyl  Biphenyl  C  CO2 

12 

1020 

Mineral  oil 

IS 

1320 

Tetrahydronapthalenc 

8 

1300 

905  Tetrahydronapthalenc 
so*  Broir.ochloromcthanc 

7 

1250 

901  Isopropyl  Biphenyl 
lOi  Bromociiloroncthanc 

5 

1280 

801  Isopropyl  Biphenyl 
2nV  Bromocliloroncthanc 

5 

1180 

801  Isopropyl  Biphenyl 
20t  BronochloroDcthanc 

4 

1160 

801  Isopropvl  Biphenyl 
20t  Oronochlororcthane 

1150 

Biphenyl 

800 

Dronochloronc thane 

12 

950 

Sodium  Stearate 

5 

1000 

Sodiiir  Stearate 

12 

1600 

.Sodium  Stearate 

1 

r 
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MliTAL  FIRE 


EXTINGUISHA-.-TS 


Quantity  of 

line  to 

MetIlOO  of 

( onnent » 

Lxt  iiiguishniit 

I.\tlii).uisti 

A)i|.|  li. Ill  ion 

(nin.) 

71 

1  .2S 

1  X  t  Ingtilslier 

fire  extinguished,  hiiriF  through  iii  2  nir.. 

41 

0.8 

Sliovel 

lire  ex  t  iiigui  she.) ,  hums  through  li>  2  nin. 

801 

3.S 

1  X  t  iiigui  slier 

3n»  extinguisher  insufficient,  ISO'  unit  ex t i ngui shed  fire. 

21 

1 

Shovel 

1  xt  tiigui  shed  quiclly,  no  hum  through. 

li« 

— 

Shovel 

fxt  ingul  sli.-int  tends  to  s  i  nV  . 
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1 

Shovel 

Setondarv  sodiiin  flaires. 

2» 

•  •  • 

Sliovel 

Violent  rcjttion. 

. 

.  >  • 

•hovel 

1  xt  ingui  "ih.int  sinks,  hut  ret.sl  cools. 

18' 

1  .7S 

1  xt  iiiguisher 

I  xt  IllgUl  slu  s . 

S' 

.  - . 

Shovel 

Sof'c  reaction,  doe'  not  ex  t  i  iigu ;  sh . 

« •  • 

Sliovel 

( .irl'On  cool  enhances  conhustion. 

c 

1.2S 

Sliove  1 

(overs  v.cll,  hut  fire  hums  through  in  2-5  Piniitcs. 

bl 

0.2’i 

Shov  cl 

1  xtingiiishcs  hut  later  rcignites. 

21 

0.5 

l.xtiiigui  slier 

lire  put  out  iiuickly,  hut  burns  through  after  S  oiniitcs. 

bl 

•  •  • 

•Shovel 

Keact ion. 

•  •  • 

Shove  1 

Reacts. 

• . . 

Shovel 

Hues  not  extinguish. 

•  •  • 

Shovel 

Oocs  not  extinguish. 

•  •• 

Shovel 

1 xtinguishes,  relgnites 

•  •  • 

.‘Ihovel 

SoR-c  rc.xctioii,  docs  not  extinguish. 

•  •• 

S'lOVCl 

1  xtiiiguislics,  but  fire  burns  through  in  a  few  seconds. 

Shove! 

hxtinguishes  but  fire  burns  through. 

•  •  • 

Sliovel 

I.xtiiigui sties  but  fire  burns  through. 

•  •  • 

Shovel 

Initial  flare  up,  does  not  extinguish. 

•  •  • 

Shovel 

Rc.ncts  with  liurnlnr.  nctal. 

•  •• 

Shovel 

Hoes  not  extinguish. 

. .  • 

Shovel 

Reacts . 

•  «  • 

Shovel 

Reacts. 

Shovel 

Reacts . 

3» 

1 

Shovel 

1  X t iiigiii shed  very  quickly,  no  burn  through. 

21 

O.S 

Shovel 

Ixtingiilslied;  no  burn  through 

7. S' 

1.0 

l.xt  ingiii  slier 

1 X  t  ingiii  shed , 

2. S' 

O.S 

Shovel 

1  X 1 1 ngui shed . 

3.0' 

l.O 

Shovel 

1  xtlngiiislied  after  oxide  coating  forced. 

- 

... 

Shove! 

Hid  not  cxtlnjulsli. 

. 

... 

Tubliii, 

Ixtinguisbcd  *Ja  fire;  secondary  fire  extinguished  with  fOj. 

- 

Tuhiny 

Hid  not  extinguish. 

12  liters 

-  •  • 

lull!  rig 

Hro|  tenp.,  but  does  not  extinguish. 

I  liter 

luhing 

Hoes  not  extinguish. 

1  liter 

•  •  • 

lulling 

Hoes  not  extinguish. 

1  liter 

... 

Tubing 

Hoes  not  extinguish. 

1  liter 

... 

Tubing 

Put  out  fire  but  sodiun  cane  to  surface  and  reignited. 

2  liters 

... 

Tubing 

Put  out  fire  but  sodiun  cane  to  surface  .ind  rcignited. 

1  liter 

3 

Tubing 

Surface  vas  flooded,  fire  extinguished. 

2.2' 

... 

Shovel 

Rapidly  consuned,  no  effect  on  fire,  small  temperature  drop. 

O.S  liter 

... 

Tubing 

Reacts . 

2» 

0 

Shovel 

1  xt liiguished  fire;  secondary  flash  fire. 

3» 

s 

Shovel 

1 xtinguished  but  with  flash  secondary  fire  which  died  quickly 

(■» 

... 

Shovel 

Hid  not  extinguish,  molten  l.i  cane  through  crust. 
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with  0.1  lb  charijes  o£  sociium  in  a  1.6  in.  uia  pan.  The  oxide 
which  formeci  as  a  result  of  combustion  rapidly  formeu  a  crust  over 
the  surface  of  the  metal  and  tlie  fire  was  self -extinguishing .  The 
maximum  flame  temperatures  were  780  to  950° F;  when  the  surface 
crust  was  broken  ana  the  metal  agitatea,  a  flame  temperature  of 
,14S0°F  was  attainea. 

Runs  2-307-2»  3-307-2  anu  2-307-5  were  niaae  with  1  lb 
charges  of  souiurn  in  a  5  in.  uia  pan.  Although  these  fires  were 
not  self -extinguishing ,  the  flame  temperatures  rose  to  only  1200- 
1420°F;  it  was  predicteo  that  the  flame  temperature  slioulu  go  as 
high  as  the  boiling  point  of  souiurn  (1600°F)  . 

Runs  1-307-2  ana  4-307-2  were  made  with  10  lb  charges  of 
sodium  in  a  15.5  in.  dia  pan.  The  flame  temperatures  were  1710°F 
and  1550°F,  respectively.  There  were  no  signs  of  self-extinguish- 
ment  with  the  10  lb  fires. 

Run  1-307-10  was  maue  with  a  100  lb  charge  of  sodium  in 
a  51  in.  uia  pan.  The  flame  temperature  was  1620°F  anu  time  to 
reach  the  maximum  temperature  was  27  min;  the  10  lb  fires  reached 
the  maximum  temperature  in  6-14  rain. 

The  criteria  selected  to  determine  whehter  results  with 
a  certain  size  fire  coulo  be  extrapolated  to  larger  fires  were: 

1.  That  the  fire  woula  not  be  self -extinguishing . 

2.  That  the  flame  temperatures  v/oulu  be  similar. 

On  the  basis  of  these  results,  it  was  felt  that  results  from  a 

0.1  lb  fire  coulu  not  be  extrapolated  to  larger  fires  since  the 

fire  could  be  self-extinguishing  and  the  flame  temperature  could  be 
600-800°F  lower  than  a  Jarge  fire.  The  1  lb  fires  were  not  self¬ 
extinguishing,  but  the  flame  temperatures  were  300-400°F  lower 
than  the  larger  fires.  Flame  temperatures  were  the  same  for  10  and 
100  lb  fires,  and  there  was  no  evidence  of  self  extinguishment. 

Thus  a  10  lb  fire  was  selected  as  the  standard  fire  size.  Some  of 

the  later  screening  studies  were  made  on  1  lb  fires,  but  the  primary 
objective  of  these  fires  was  to  establish  whether  there  was  a  re¬ 
action  between  the  extinguishant  and  the  burning  alkali  metal. 

D,  CHARACTBRISTICS  OF  OTHER  ALKALI  METAL  FIRES 

NaK  Fires  -  A  1  lb  N'aK  fire  was  ignited  and  the  flame 
temperature  reached  lo4o°F  in  13  min.  The  crust  formed  on  the  NaK 
surface  was  similar  to  that  formed  on  sodium  fires,  although 
initially  tljere  is  a  tendency  for  the  resultant  oxiue  to  go  into 
solution  in  the  molten  metal.  A  large  scale  fire  (100  lb  NaK) 
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resulteu  in  a  r.iaxinuia  flar.ie  teiaj.erature  of  rv>14  50°r  .  the  basis 

of  past  experience,  souiui.i  and  XaK  fire  characteristics  are 
.-sscntially  iuenticai  except  that  XaK  is  liquiu  at  roor.  teniperature . 
Therefore  freezing  uoes  not  serve  to  quell  leakage  of  X’aK  from  a 
system  or  inliibit  the  flou  of  metal  across  the  surface  onto  \.’liich 
XaK  has  leakeu. 


2.  Potassium  1  ires  (K)  -  A  1  lb  potassium  fire  was 
i^jiiitou  at  SOO^F  and  tlie  flame  tcn.perature  reaclieu  a  maximum  of 
1240°!  in  11  min.  Iiiitially,  no  massive  oxiue  film  was  formeu  on 
tlie  surface,  althougli  there  was  visual  eviuence  of  oxide  being 
formeu  anu  then  going  into  solution  in  the  potassium  melt.  Tlie 
solubility  of  K2O  in  potassium  has  been  measureu  as  0.5u  at  527°F. 

A  surface  oxiue  uiu  form  after  a^IO  i.iin  of  oxiuation;  tliis  probably 
was  a  result  of  the  melt  being  saturatcu  with  K2O.  Lack  of  oxide 
crust  formation  on  the  surface  causeu  some  concern  with  respect  to 
fire  extinguishment  since  tlie  oxiue  crusts  in  souium,  lithium  anu 
XaK  fires  serveu  to  support  the  extinguishing  salts. 

5.  Lithium  Fires  (Li)  -  A  1  lb  lithiur.i  fire  was  igniteu 
at  500®F  anu  the  flame  teiiiperature  reacheu  i780°r  in  6  min.  The 
light  emitteu  from  a  litliium  fire  is  brighter  than  any  of  the  other 
alkali  metal  fires  anu  can  best  be  uescribeu  as  a  brilliant  white. 

The  oxiue  which  was  formed  migrateu  Up  the  inner  wall  of  the  vessel 
anu  uown  the  outsiue  wall  briugir.g  the  space  between  the  pan  and 
the  grounu,  a  distance  of  rol2  in.  free  metal  was  urawn  into  the 
oxiue  by  a  wicking  action  anu  the  oxiue  bridge  ultimately  acted 
as  a  siphon  anu  drained  metal  from  the  pan.  The  oxides  formed 
uuring  souium  and  XaK  fires  also  wick  up  free  metal  anu  have  a 
tendency  to  climb  over  the  side  of  the  containment  vessel.  Sub¬ 
sequent  litiiium  fires  demonstrated  that  the  oxiue  will  invariably 
migrate  over  the  walls  of  tlie  vessel,  Litliium  was  the  most  corrosive 
of  the  alkali  metals  and  the  tops  of  the  combustion  pans  where  the 
oxiue  concentrations  were  the  highest  were  generally  corrodeu 
through,  the  wall  thickness  (1/4  in.)  in  one  fire. 


4.  Rubiuium  Fires  (Rb)  -  A  0.1  lb  rubiuium  fire  was 
igniteu  at  500“ t-  anu  reacheu  a  maximum  temperature,  above  the  melt, 
of  600®F  in  8  min.  The  characteristics  of  this  fire  were  completely 
contrary  to  all  preuictions  maue  for  rubiuium  fires.  When  the  lid 
was  removeu  from  the  500“F  melt,  a  reaction  at  the  alkali  metal-air 
interface  was  eviuent.  However,  the  melt  retaineu  a  mirror  surface 


Jjn/i  t’hoT’o  i.’nc 


oxiue  crust  formation  or  fiame.  cental  1 


wisps  of  smoke  were  emitteu  but  these  originateu  at  the  walls  of 
the  vessel  where  oxiue  particles  were  formed  occasionally.  The 
temperature  of  the  melt  rose  to  a  maximum  of  800° F  anu  then  slowly 
receueu  to  ambient  temperature.  TJic  resultant  combustion  products 
were  a  iiaru,  soliu  black  mass. 
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5.  Cesium  Fires  (Cs)  -  Three  cesium  fires  were  ignited 
at  SOO^F  -  two  0.1  lb  and  one  1  lb  fire.  The  vessels  were  heated 
to  500°F  and  the  lids  removed  and,  as  with  rubidium,  the  fires  be- 
haveu  differently  from  what  was  predictea.  No  visible  flames 
were  present  anu  the  maximum  temperature  was  880®r.  Cesium 
pipetted  from  the  vessel  with  a  stainless  steel  tube  and  dropped 
through  the  air  into  the  vessel  ignited  curing  uescent  but  did 
not  cause  ignition  in  the  vessel.  To  assure  that  a  sufficient 
supply  of  oxygen  was  available,  a  stream  of  oxygen  from  an  oxy- 
acetylene  torch  was  airecteu  onto  the  surface  of  the  metal.  Al¬ 
though  there  were  no  visible  flames,  the  temperature  of  the  melt 
rose  to  ISOO^F  at  the  surface.  Comparison  of  the  sodium  anu  cesium 
fires  inuicates  that  the  oxiue  formation  on  the  surface  aids  in 
combustion.  The  oxiue  apparently  acts  as  a  wick,  drawing  the 
alkali  metal  to  the  surface  and  exposing  a  larger  surface  area  and 
at  the  same  time  presenting  a  small  heat  sink  compareu  to  the  bulk 
of  the  metal.  Tlie  solubility  of  oxygen  in  cesium  at  the  melting 
point  is  r\j3  wt  %  oxygen  anu  at  lOOO^F  it  is  reporteu  that  cesium 
anu  CS2O  are  miscible  in  ail  proportions,  A  review  of  the  solu¬ 
bility  of  the  oxide  in  the  parent  metal  suggest  burning  charac¬ 
teristics  of  the  metals  are  a  function  of  oxiue  solubility: 


Free  Energy  of  lormation 
of  Oxiue  at  i500®F 

Metal  (Kcal/gram-atom  O2)  Solubility  of  OxiueCwtl) 


Li 

-109 

0.05  at  700°F 

i>icl 

-  65 

0.04  at  700°F 

NaK 

0.02  at  700°F 

K 

-  52 

0.25  at  400°F 

kb 

-  42 

Unknown,  prob 

Cs 

-  32 

3  at  8n°F 

If  the  wickihg  action  of  the  oxiue  is  aii  in.portant 
mechanism  in  alkali  metal  combusticn,  these  values  suggest  that 
lithium,  souium  and  NaK  slioulu  burn  easily,  potassium  less  easily 
and  rubiuium  and  cesium  with  great  uifficulty.  Results  indicate 
sucli  to  be  the  case. 

During  oxiuarion  the  surface  of  the  cesium  metal  retaineu 
a  mirror  finish  anu  the  color  of  the  melt  progresseu  from  golu, 
to  orange  to  brown  to  black.  The  resiuue  from  the  cesium  fires 
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was  a  black  solid  melting  at  700°F  with  an  apparent  density  of 
4,67  gm/cc .  The  melt  contained  corrosion  products  from  the  con¬ 
tainer  wall.  The  residue  reacted  with  water,  releasing  oxygen; 
quantitative  measurements  of  the  off-gases  indicate  the  residue 
was  primarily  Cs20^,  A  Kjehdahl  analysis  indicated  no  nitrogen 
in  the  sample. 

Cesium  metal  was  spilled  across  a  metal  surface  and 
there  was  instantaneous  ignition  with  emission  of  light  and  smoke. 
However,  the  combustion  reaction  was  not  self-sustaining  although 
the  exposea  metal  continued  to  oxidize.  A  similar  spill  was 
covered  imineuiately  with  Ansul  Met-L-X  and  further  reaction  was 
inhibited . 

E.  RESULTS  OF  EXTINGUISHMENT  TESTS 

Table  7  lists  selected  runs  which  were  made  with  various 
alkali  metal  fire  extinguishing  agents.  Figure  4  shows  a  typical 
procedure  for  these  extinguishment  studies.  In  all  cases,  the 
metal  was  preheated  to  500°F,  the  lid  was  removed  and  the  metal 
allowed  to  ignite  spontaneously.  Salts  were  added  either  from  an 
extinguisher  or  with  a  shovel.  Liquids  were  applied  through  tubing 
from  pressurized  containers.  The  time  to  extinguish  is  defined  as 
that  time  required  to  completely  cover  the  fire  and  eliminate  all 
signs  of  flames. 

The  first  tests  were  made  with  sodium  using  Ansul 's 
Met-L-X  both  with  an  extinguisher  and  with  a  shovel.  A  10  lb  sodium 
fire  was  extinguished  in  1,25  min  witli  7  lb  of  Met-L-X  from  an  ex¬ 
tinguisher.  A  similar  fire  was  extinguished  in  0.8  min  with  4  lb 
of  Met-L-X  applied  with  a  shovel.  In  both  cases,  the  fire  burned 
through  the  crust  in  about  2  min,  but  this  was  easily  extinguisheo 
by  additional  application  of  the  salt,  Met-L-X  was  also  applied 
to  a  100  lb  sodium  fire;  the  fire  was  extinguished  in  3.5  min 
with  80  lb  of  extinguishant .  The  weight  and  surface  area  were  both 
a  factor  of  10  greater  with  the  100  lb  fire  compared  to  the  10  lb 
fire.  Seven  pounds  of  Met-L-X  from  a  pressurizeu  extinguisher  were 
required  to  extinguish  a  10  lb  sodium  fire  anu  80  lb  were  required 
to  extinguish  a  100  lb  fire.  The  time  required  for  extinguishment 
was  1.25  min  for  the  10  lb  fire  and  3.5  min  for  the  100  lb  fire. 
Application  with  a  shovel  requires  a  smaller  amount  of  extinguishant, 
2-4  lb  for  a  10  lb  fire, 

Met-L-X  was  applieo  to  a  lithium  fire  with  a  shovel.  The 
extinguishant  tends  to  sink  in  lithium  but  the  fire  was  extinguisheu . 
A  secondary  sodium  fire  ensues  because  of  the  reduction  of  NaCl 
v/ith  lithium.  Hov;ever,  this  fire  is  controlled  with  additional 
application  of  extinguishant.  The  first  fire  (6-307-5)  was  difficult 
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FIG  4c  -  BEGINNING  OF  LXTINGUISHMENT  FIG  4ci  -  COMPLETION  OF  EXTINGUISHMENT 


FIG  4  -  EXTINGUISHMENT  OF  A  10  LB  Na  FIRE  WITH  ANSUL  MET-L-X 
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to  extinguish  because  the  oxiuc  hau  laigratcu  over  the  euge  of  the 
fire  pan  and  this  site  serveu  as  a  iocus  of  reignition;  13  lb  of 
extinguisliant  uere  required.  Tlie  scconu  fire  was  contained  within 
the  pan  aiu.  only  3  lb  of  extinguisliant  uere  requireo. 

A  ory  chei.iical  inarketeu  by  Ansul  Co.,  ABC  Powuer,  for 
use  on  Class  A,  B  and  C  fires  reacteu  explosively  v.ith  lithium 
anu  souium.  Subsequent  application  of  .*let-L-X  extinguished  the 
fire . 

i-let-L-X  was  applied  to  a  0.1  lb  charge  of  cesium  which 
hau  been  heateu  to  500°r  and  exposed  to  the  atmosphere.  The  ex- 
tinguishant  sank  to  the  bottom  of  the  fire  pan  since  there  was  no 
oxiue  formed  to  support  it.  A  small  quantity  of  the  hot  cesium 
uas  poureu  onto  a  i;ietal  surface.  When  uispersed  over  this  large 
surface  area,  tiie  cesium  oiu  ignite.  .‘let-L-X  was  applied  and  the 
lire  uas  ext inguislieu .  Grapliire  was  applieu  to  a  similar  fire  but 
I  uiu  not  extinguish  the  fire. 

I  A  10  lb  charge  of  potassium  was  heated  to  500°t-  and  ex- 

i  poseu  to  tlie  atmoSi^here.  b'hen  the  temperature  reached  a  maximum 

^  of  1000°F,  Met-L-X  was  applied  although  no  oxide  had  formed  on  the 

f  surface.  The  extinguisliant  sank  to  the  bottom  of  the  pan.  After 

1,  15  minutes,  an  oxiue  crust  began  to  form  on  top  of  the  potassium, 

Met-L-X  was  again  aoueu  anu  the  fire  was  extinguished  but  18  lb 
of  extini,uishant  was  required.  Graphite  was  auueu  to  a  potassium 
fire  unuer  similar  conditions  and  die  not  extinguish  the  fire.  It 
appeareu  that  there  was  some  reaction  between  the  potassium  anu 
graphite . 

Purple  K,  a  trade  name  for  a  K!iC03-based  powdered  ex- 
tinguishant,  which  has  been  useu  on  natural  gas  and  combustible 
organic  fires  with  success  was  applieu  to  a  souium  fire.  There 
was  a  reaction  between  the  souiui.i  and  KIiCO^  and  the  fire  was  not 
extinguisheu . 

ENT  Since  graphite  has  been  used  to  extinguish  sodium  fires, 

it  was  deciueu  that  carbon  wool  woulu  be  applieu  to  a  sodium  fire. 
Powuereu  graphite  extinguished  a  sodium  fire,  but  burneu  through 
in  rJl  min.  Auuitional  graphite  was  adueu  and  the  fire  was  ex¬ 
tinguished.  Carbon  wool  is  made  by  carbonizing  natural  organic 
fibers  anu  is  essentially  100^  carbon.  The  attractive  feature 
of  an  extiiiijuishant  such  as  this  is  that  it  coulu  be  applied  in 
layers  on  the  fire  surface  or  on  insulation  when  a  fire  is  located 
on  the  plumbing  of  a  system.  However,  carbon  wool  was  in¬ 
effective  in  extinguisliing  a  souium  fire  and  in  fact  enhanced  com¬ 
bustion  since  it  acteu  as  a  wick  and  exposcu  a  greater  surface 
area  of  metal. 
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A  number  of  inorganic  salts  were  considered  as  potential 
alakli  fire  extinguishants .  These  were  -.creeneu  on  1  lb  and  10  lb 
sodium  fires  ana  included  Na3P04,  Xa4r207,  Ca3(P04)2»  NaF,  NaCl, 

KF,  KCl,  LiF,  LiCl,  LiBr,  KBr,  AI2O3,  AICI3,  CaS04 ,  B2O3  and  TEC 
Powder.  TEC  Powder,  a  ternary  eutectic  compound,  has  been  de¬ 
veloped  in  England  for  extinguishment  of  zirconium,  uranium  and 
other  reactive  metal  fires.  The  salts  which  showed  the  most  pro¬ 
mise  were  Na3P04,  NaCl,  LiF,  LiCl,  KCl  and  TEC  Powder.  Of  these 
most  promising  salts,  NaCl,  Na^P04  and  LiCl  exhibited  the  greatest 
resistance  to  burn  through.  LiCl  seemed  to  cover  the  fire  and  it 
extinguished  it  more  rapidly  than  did  NaCl  or  Na3P04 .  However,  the 
difference  was  not  sufficiently  great  to  justify  the  cost  of  LiCl 
versus  NaCl. 

When  Na4P207  was  applied  to  the  fire,  an  explosive  re¬ 
action  occurred.  This  was  due  to  the  oxygen  available  in  the 
sodium  pyrophosphate  molecule.  Potassium  bromide  reaci&d  v/ith 
the  burning  sodium  probably  by  the  reduction  of  KBr  ana  formation 
of  NaBr.  Lithium  bromide  did  not  have  any  reaction  with  sodium, 
but  it  did  not  extinguish  the  fire.  The  Ca3(P04)2  exhibited  slight 
reaction  with  tne  burning  sodium  and  did  not  extinguish  the  fire. 
Aluminum  oxide  did  not  extinguish  the  sodium  fire  and  AICI3  re¬ 
acted  explosively. 

TEC  Powaer  was  used  on  a  sodium  fire.  With  a  10  lb  sodium 
fire,  2  lb  of  the  powder  applied  with  a  shovel  extinguished  the 
fire  in  0.5  min  and  there  was  no  burn  through.  With  an  extinguisher, 
a  similar  fire  was  extinguished  in  *  min  with  2.5  lb  of  the  powder, 
The  powder  also  is  capable  of  extinguishing  NaK  fires,  with  2,5  lb 
applied  by  shovel  extinguishing  the  fire  in  0.5  min;  there  was  no 
burn  through.  When  applied  to  a  freshly  ignited  potassium  fire 
with  no  oxide  on  the  surface,  the  powder  sank  to  the  bottom  of  the 
fire  pan  and  did  not  extinguish  the  fire.  After  ^12  min,  an 
oxide  crust  formed  on  the  surface  of  the  potassium  fire;  TEC  Powder 
applied  to  this  crust  extinguished  the  fire.  The  powder  was  in¬ 
effective  on  lithium  fires  due  to  the  excessively  high  temperature 
(2000+®F)  which  caused  this  powder  to  melt.  The  powder  was  also 
effective  on  100  lb  and  500  lb  sodium  fires;  this  will  be  dis¬ 
cussed  in  a  later  section. 

In  light  of  Friedrick's  work(^)  with  organic  liquids  on 
100  gram  alkali  metal  fires,  it  was  decided  that  some  of  these 
fluids  should  be  evaluated  on  larger  fires.  The  procedure  was  to 
pressurize  the  vessel  containing  the  liquid  and  to  deliver  the 
liquid  to  the  fire  surface  through  a  5/16"  copper  tube.  Iso¬ 
propyl  biphenyl  was  used  on  a  sodium  fire  which  had  reached  a 
temperature  of  1020°F.  A  layer  of  liquid  ^3  in.  deep  was  applied 
to  the  burning  surface.  A  secondary  isopropyl  biphenyl  fire 
ensued  but  this  was  extinguished  with  CO2.  A  second  sodium  fire 
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reacheu  1420®F  before  the  isopropyl  biplienyl  v.as  ai^plieti.  In  this 
case,  the  fire  was  extinj^uisheu  Momentarily,  but  reigr.iteu.  Appli¬ 
cation  of  CO2  to  t)ie  burning,  liquiu  uiu  not  prevent  rei^nition  of 
the  alkali  li.etal  fires. 

Mineral  oil  was  applieu  to  a  1020®r  souium  fire.  A 
total  of  12  liters  v.as  aooeu  to  the  fire,  but  the  fire  was  not  ex- 
tinguisheo . 

Tetrahyuror.aiiitjialeno  was  apj'lieu  to  1520°F  souiun  fire. 

A  seconoary  fire  ensueo  and  the  alkali  metal  fire  v.as  not  extin¬ 
guished.  Audition  of  101  bror.cclilorcmethane  v.as  not  effective  in 
extinguisliing  the  secondary  tetrahyuronaphtlialene  fire  and  the 
alkali  metal  fire  continued  to  burn. 

A  mixture  of  90®6  isopropyl  biplicnyl  anu  10“’.  liroi.ochloro- 
methane  v.as  applicu  to  a  1250‘’F  souium  fire.  The  alkali  metal 
fire  was  not  extinguished  and  the  secondary  fire  continued  to  burn 
until  all  of  the  isopropyl  biphenyl  was  consumed.  A  mixture  of 
80^  isopropyl  biphenyl  anu  20"  hror.ochlorcmetliane  momentarily  ex- 
tin^juisheu  an  1130®F  souium  fire,  but  it  reigniteu.  The  same 
composition  useu  on  an  ilGO^F  souium  fire  successfully  extinguished 
the  burning  li.ass.  Pure  bromochiorcmcthanc  reacted  violently  with 
an  SOO^F  souium  fire. 

Biphenyl  was  aoueu  to  1150®F  souium  fire  but  was  in¬ 
effective  anu  rapiuly  consumed.  Souium  stearate  extinguished  a 
950°F  s-^uium  anu  a  1000°F  souium  fire.  Biphenyl  was  ineffective 
on  a  i^jO^F  souium  fire  anu  was  rapiuly  anu  completely  consumed 
when  applieu  to  a  JG00°F  lithium  fire. 

A  number  of  fluoroalkyl  esters  have  been  formulated  for 
the  Air  Force  recently .  C-’)  These  are  being  considered  as  possible 
ex tinguishants  for  exotic  propellant  and/or  metal,  particularly 
magnesium  fires.  Three  of  these  esters  were  evaluated  on  10  lb 
souium  fires.  The  audition  of  3  oz  of  fluoroalkyl  sulfite  ester 
to  sodium  reacted  violently  and  blew  all  of  the  sodium  from  the 
pan.  A  similar  reaction  occurred  when  the  fluoroalkyl  phosphate 
ester  was  added  to  burning  sodium.  The  fluoroalkyl  borate  ester 
did  not  react  with  the  alkali  metal,  but  the  characteristic  green 
flame  of  boron  was  observed  in  the  secondary  fire.  A  total  of 
3-3/4  ib  was  added  but  the  alkali  metal  fire  was  not  not  extinguished. 
In  fact,  the  addition  of  this  material  caused  a  temperature  rise  in 
the  bulk  alkali  metal. 
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F.  SUMMARY 


The  results  from  this  phase  of  study  inuicatea  some 
promising  extinguishants  for  alkali  metal  fires.  Met-L-X 
efficiently  extinguishes  sodium,  potassium  and  NaK  deep  pool 
fires.  If  Met-L-X  is  applied  to  a  deep  pool  potassium  fire  be¬ 
fore  the  oxiues  of  potassium  have  formeu  on  the  surface,  the  ex- 
tinguishant  sinks  to  the  bottom  and  is  not  effective.  After  the 
crust  has  formeu,  the  extinguishant  can  be  applied  and  it  will 
extinguisli  the  potassium  fire.  The  weight  ratio  of  extinguishant/ 
alkali  metal  is  0.4/1  for  shovel  application  ana  0.72/1  by  ex¬ 
tinguisher  application.  With  a  100  lb  sodium  fire,  80  lb  of 
Met-L-X  was  required  to  extinguish  the  fire  at  a  ratio  of  0.8/1 
or  the  same  as  witii  the  10  lb  fire.  The  ratio  for  potassium  ex¬ 
tinguishant  was  1,8/1, 

Typical  extinguishing  times  for  quiescent  burning  pools 
of  soaium  were  1-2  min.  In  an  actual  alkali  metal  fire,  the  ex- 
tinguisiiing  time  coula  be  significantly  longer  since  burning  alkali 
metal  may  be  Gripping  from  a  leak  in  the  system  or  the  metal  may 
not  be  completely  contained  within  the  drip  pan.  In  such  cases, 
it  is  impossible  to  predict  ext inguisliing  times. 

deep  pools  of  rubidium  anu  cesium  uo  not  ignite,  hence 
extiiiguislinient  is  not  required.  When  extinguishant  is  addeu  to 
these  oxidizing  pools,  it  sinks  to  the  bottom.  Oxidation  of  deep 
pools  of  these  metals  are  best  controlled  by  smothering  using  a 
lid  over  tiie  vessel  where  the  metal  is  contained.  When  rubidium 
arid  cesium  are  spread  over  a  large  surface  area,  these  metals  do 
ignite  anu  burn.  Tliis  type  of  fire  can  be  quelled  by  the  addition 
of  Met-L-X.  Met-L-X  was  ineffective  in  controlling  lithium  fires. 
Tlie  NaCi  was  reduced  and  a  souium  fire  ensued.  Graphite  proved 
to  be  the  best  extinguishant  for  lithium  fires, 

Met-L-X  has  a  tendency  to  burn  through,  however,  re¬ 
ignition  can  be  controlled  by  application  of  additional  extin¬ 
guishant.  Burn  through  is  preceeueu  by  a  darkening  of  the  salt 
surface,  hence  additional  application  can  be  maue  before  actual 
burn  through  occurs.  TEC  Powuer  was  less  susceptible  to  burn 
throUi,h . 

TEC  Powuer  proved  effective  on  souium,  potassium  anu 
iNaK  pool  fires  as  well  as  tliin  burning  films  of  rubidium  and  cesium. 
The  amount  of  TEC  Powuer  required  to  extinguish  these  fires  was 
slightly  less  than  tlie  amount  of  Met-L-X  required  with  the  ratio 
of  extinguishant  to  sodium  metal  being  0.25/1. 

Of  tlie  many  salts  that  were  evaluated,  LiF  seemed  to 
be  che  most  promising.  The  quantity  required  for  extinguishment 
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of  10  lb  fires  v.as  approximately  tlie  same  as  Mct-L-X  or  TlX 
Powuer.  LiF  v.as  resistant  to  burn  throu<,li.  One  aspect  uiiich  re^ 
luaineu  to  be  evaluatcu  was  the  reliability  of  the  uata  with  re¬ 
spect  to  larger  fires.  This  stuuy  is  describeu  in  a  later  section. 

Organic  liquios  siioweu  some  promise  in  extinguishing 
alkali  metal  fires  but  a  seconuary  fire  always  ensucu .  Adciition 
of  broinochlorometliane  to  the  extinguishant  reuuceu  the  possibility 
of  a  seconuary  fire,  although  it  was  not  eliminated  in  all  cases. 

It  appears  impractical  to  use  an  organic  liquiu  on  alkali  metal 
fires  since  the  seconuary  fire  uiiicli  may  occur  can  be  more  severe 
than  the  alkali  metal  fire. 


VII.  liXORCANit:  SALT  foa:is 


A.  INT.TObLCTIUA 


Tlie  objective  cf  this  phase  of  study  was  to  evaluate  the 
use  of  inorganic  salt  foams  as  extinguishants  for  alkali  metal 
fires.  The  auvantages  of  a  salt  foam  over  a  salt  blanket  are 
that  less  salt  woulu  be  requireu  for  extinguishment  and  the  foam 
woulu  be  self-su^jporting  and  therefore  less  susceptible  to  sinking 
in  the  alkali  metal  pool.  A  number  of  foam  manufacturers  were 
contacteu  for  information  on  the  generation  of  inorganic  foams 
but  these  firms  v.ere  familiar  only  with  water  baseu  foams.  These 
are  stabilizeu  witli  liyurolyzeu  protein  but  woulu  nor  be  suitable 
for  use  on  alkali  metal  fires  because  of  tl.e  viclent  reaction 
witii  water. 


AS  an  alternative  to  inorganic  salt  foams,  it  was  ue- 
ciueu  tliat  a  polyurotlianc  foam  woulu  be  evaluateu.  It  was  re- 
cognizeu  that  tiiese  foams  are  susceptible  to  combustior.,  but 
auuitives  are  available  wjiich  impart  some  fire  retaruant  charac¬ 
teristics  to  the  foam.  Furtliermore ,  since  the  foam  is  a  goou 
thermal  insulator,  it  is  possible  for  degrauation  to  occur  at  the 
foam-alkali  metal  interface,  with  the  formation  of  a  charreu  car¬ 
bon  layer  at  tlie  interface. 

B.  LXPLRIME.VTAL  RHSULTS 

Initial  tests  were  performed  by  preforming  a  solid  mass 
of  foam  anu  placing  tiic  mass  on  the  surface  of  a  sodium  fire.  The 
foam  uiu  uegraue  at  the  interface  but  the  fire  was  extinguished. 
However,  the  foam  was  somewhat  suscejitible  to  burn  through.  From 
a  practical  stanuj^oint,  it  v.oulu  be  necessary  to  apj  ly  the  foam 
in  its  scmi-licjuiu  form  to  the  burning  fire. 
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Some  efforts  were  made  at  developing  a  suitable  foam 
generating  and  applicating  system.  The  system  consisted  of  2 
containers  (one  for  activator  and  one  for  resin),  a  solvent  con¬ 
tainer,  connecting  plumbing  and  a  mixing  and  applicating  nozzle. 

Two  major  problems  were  encountered  with  this  system.  First,  it 
was  uifficult  to  meter  precisely  the  required  quantities  of  the 
reactants  and  secondly,  the  nozzle  did  not  provide  complete 
mixing  of  the  reactants.  A  number  of  modifications  were  made  on 
the  nozzle  incluuing  injection  of  the  reactants  tangentially  with 
the  activator  and  resir.  inlets  180°  apart,  installation  of  a 
convoluteu  strip  of  metal  in  the  nozzle  and  variation  of  nozzle 
size  and  eometry.  It  was  concluded  that  design  and  fabrication 
of  a  suitable  applicating  system  would  be  expensive  and  v/as  not 
a  part  of  the  contract.  Therefore,  a  commercially  available 
foam  system  was  purchased.*  This  unit  was  equipped  with  positive 
displacement  proportioning  pumps.  The  applicating  nozzle  was 
equipped  with  an  air  driven  mixing  motor  which  thoroughly  mixed 
the  reactants. 

Initial  tests  with  this  system  on  sodium  fires  were 
promising.  The  foam  was  applied  to  10  lb  sodium  fires  and  low 
temperature  fires  were  selected  for  the  initial  tests,  A  sodium 
fire  at  70U°F  was  extinguished  in  2  min  with  an  application  of 
1  cu  ft  of  foam.  Burn  through  occurred  at  the  edge  of  the  pan  in 
a;  2  min  but  this  was  quickly  extinguished  with  additional  appli¬ 
cation  of  foam. 

At  1000°F  surface  temperature,  the  fire  was  more  diffi¬ 
cult  to  extinguish  but  the  fire  was  finally  brought  under  control 
in  ^^^4  min.  Burn  through  occurred  in  r^30  sec,  but  addition  of 
fresh  foam  to  these  areas  resulted  in  complete  exting -lishment  of 
the  fire.  Potassium  and  NaK  fires  were  also  extinguished  at  1000°F 
with  essentially  the  same  characteristics  as  the  sodium  fires. 
Rubidium  and  cesium  in  quiescent  burning  pools  were  also  extin¬ 
guished  with  the  foam. 


Lithium  fires  at  1000°!'  could  not  be  extinguished  with 
the  foam  and  above  1000°F  sodium,  potassium  and  NaK  fires  could 
not  be  extinguished.  Above  1000°F,  the  foam  spray  was  degraded  be¬ 
fore  it  contacted  the  burning  alkali  metal  surface.  It  appears 
that  the  polyurethane  foam  would  be  useful  if  application  could  be 
made  before  the  maximum  surface  temperature  of  the  fire  is  approached. 


Foam  was  also  sprayed 
apparatus  consisted  of  10  lb  of 
fitted  with  plumbing  containing 
plumbing  was  covered  with  3  in. 
be  used  on  an  operating  system, 
heated  to  700°F,  pressurized  to 


on  a  simulated  pipe  leak.  The 
sodium  in  a  stainless  steel  vessel 
a  leaking  1  in.  flange.  The 
thick  molded  insulation  as  would 
The  pot  and  plumbing  were  pre- 
10  psig  and  the  valve  to  the  leaking 
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flange  was  opened.  Sodium  leaked  through  the  flange  and  out 
thrcuiih  the  joints  in  the  insulation  at  a  preselecteu  leak  rate 
of  A»  1  Ib/hr.  Foam  was  sprayed  over  the  burning  insulation  ano 
the  pressure  on  the  simulated  system  was  released.  There  was 
initial  burn  tlirough  in  2  min,  but  this  was  extinguished  with 
additional  foam.  The  foam  is  more  easily  applied  to  fires  on 
insulation  than  is  salt  because  of  the  inherent  adhesive  nature 
of  the  foam.  However,  if  the  surface  temperature  of  the  insulation 
is  above  ^400°F,  the  foam  has  a  tendency  to  melt  and  drip  off  the 
insulation.  In  most  aJkali  metal  systems,  the  foam  coulu  be  usea 
on  the  type  of  fires  uescribed. 

Attempts  were  made  to  incorporate  inorganic  salts  in 
the  foam  but  this  proven  impractical  because  of  nozzle  plugging. 

A  liquiu  fire  inhibitor  was  auued  to  the  foam  that  reuuceu  the 
aegree  of  combustion  of  tiie  foam. 


VIII.  CHARACTliRISTICS  OF  ALKALI  METAL  JLT  STREAM  LEAKS 
AT  VARIOUS  PRESSURE  CONDITIONS  (PHASE  VI) 

A.  INTRODUCTION 


The  purpose  of  this  phase  of  the  study  was  to  determine 
ignition  characteristics  of  alkali  metal  streams  with  respect  to 
oxygen  partial  pressure  and  inert  gas  blanketing.  The  controlled 
atmosphere  chamber  was  useo  for  this  stuuy  with  alkali  metal 
storage  vessels  situateu  outside  of  the  chamber  and  entry  to  the 
chamber  through  1/4  in.  tubing.  A  catch  pan  was  placeo  within 
the  cliamber  to  receive  the  alkali  metal  stream.  Difficulties  in 
capping  the  tubing  until  appropriate  temperatures  were  attained 
were  eliminateu  by  maintaining  a  freeze  seal  at  the  enu  of  the 
tubing  until  just  prior  to  expulsion  of  metal. 

With  lithium,  souium  and  potassium,  the  metals  were 
ejecteo  through  1/4  in.  tubing.  Fine  wires  were  placed  over  the 
end  of  the  nozzle  to  break  the  1/4  in.  stream  into  four  smaller 
streams.  Rubidium  and  cesium  were  ejected  through  1/8  in.  tubing 
to  conserve  on  the  quantity  of  metal  used.  Efforts  to  measure 
changes  in  atmospheric  composition  were  unsuccessful  one  to  tl'.e 
large  ratio  of  atmospheric  volume  to  metal  volume. 

B.  RESULTS  OF  TESTS 


Tlie  results  of  the  ruiis  which  were  made  are  summarized 
in  Table  8.  Lithium  was  tlic  first  metal  evaluated  and  was  ejected 
into  tlie  chamber  at  700°F  through  a  1/4  in.  nozzle.  Tnere  was 
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TABLE  8  -  SUMMARY  OF  JET  STREAM  IGNITION  RUNS 
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TABLE  8  -  SUMMARY  OF-  JET  STREAM  IGNITION  RUNS 


ao  it,aitioa  cT  tiic  streai:.  ainJ  tiiu  i..ctal  uiu  in)t  ii.  ihe 

calcii  ^au.  A  uark  i,rey  to  ’alack  coatihv,  iori.cc.  oi.  the  streai.. 
curing  ejectiuh.  A  re-rua  uauar  tiicse  cciiciticas  prccuccc  tlie 
sai.ie  results  so  the  su^.j. ly  vessel  uas  iieatcc  to  IZSO'^f.  A^air. 
tlierc  uas  ao  ii,aition  ij.  eitlier  the  strcar.  er  catch  ,.an.  'ihe 
suppJy  tank  uas  ciscoaaectec  frci..  tlie  chatiber  anc  traiisporteu  to 
a  builuiat,  uiicre  larger  quantities  cf  lithiu!.:  cculu  le  ejocteu 
into  tile  atniOSjjhere .  About  10  lb  oi*  litiiiui..  at  lOOO^f  uere 
ejectec  into  a  pan  ui*uer  non..al  atr.iospheric  coiicitirns.  The  sur¬ 
face  of  the  strtai-.  turaec  black  curii.>.  the  run  hut  theie  uas  no 
ignition  of  the  streai:..  Ihe  i..etal  ii.  the  catch  pan  ciu  not 
ir.ir.ieuiate ly  ignite  hut  after  stanuin^  for  a  fcv.  i.inutcs  burning 
nocuies  began  to  appear  on  tiie  iitliiui..  surface. 

The  results  incicate  that  a  streai;.  of  lithiur  is  not 
likely  to  ignite.  This  is  probably  cue  to  a  j.rctective  coating 
of  oxiaes  anu  nitrices  uhich  forms  on  the  surface  upon  exposure 
to  the  atiiios^iiere .  liouever,  uhen  tlie  streai  l.its  a  surface  and 
is  spreac  into  a  thin  layer,  ignition  i.  ay  occur.  r*ne  of  the 
factors  unich  iiiay  promote  ignition  under  these  coi.citions  is 
absorbec  uater  vapor  on  the  i.aterial  on  i.hich  tlie  lithium  is  in- 
inking . 


Souiui..  at  7o0°I  uas  ejectec  into  the  ciiai  bei  througli  a 
1/4  in.  noz-zie.  bnucr  norr.al  atmosi-lier ic  coiiciticns,  both  the 
stream  anu  tiie  metal  in  the  catch  pai.  igi.itec.  Tne  file  in  the 
catch  |.>an  uas  a  sustaince  fire  anc  i  ucii  of  the  i.etal  i.as  con- 
sumeu .  /vt  0.1  atinospliere ,  cliere  uas  no  ignition  in  the  stream  or 
catch  pan.  This  was  also  true  ii  a  lu'’  air-PO'  argon.  In  an 
ati.iospiiere  of  50?.  air-50?  argon,  there  vas  no  ignition  cf  the 
stream  but  there  uas  ignition  anu  a  sustainec  fire  in  the  catch 
pfci  n  • 

I’otassiam  at  700°r  uas  ejectec  into  ti.e  ciiambcr  through 
a  1/4  in.  nozzle.  Lnuer  norrai  atmos,;}.cric  coiicitions,  tiie  metal 
igiiiteu  both  in  tlie  stream  anc  in  the  pan.  At  0.1  atmosphere, 
tiie  stream  ciu  not  ignite  but  ti.e  i.ctal  in  tiie  ,  an  cic  ignite. 

No  ignition  of  tiie  stream  occurrcu  in  a  50?  air-TO?  argon  or  10? 
air- 90?  argon. 

Ruhiuiun  at  64()°i'  uas  cjccteu  into  tiie  ciianbcr  tiirougii 
a  1/8  ill.  nozzle.  Tne  r..ctal  i^^nitcc  botl.  in  tiie  stream  and  in  the 
^an  uiicer  normal  atmoSjJicric  conuations.  At  0.1  a  tmcsplieres ,  the 
stream  uiu  not  ignite  but  tiicre  i  as  a  si. ail  fire  in  the  catcii  pan; 
the  fire  in  the  catcii  pan  uas  seif-cxtiHoUisi.iiq, .  li.ere  uas  no 
ignition  i.itli  50?  nir-50?  ar^^on  or  l(i?  an  -  0"  argen. 

(.esiar;.  at  b20°I  uas  ejected  into  tiie  cl.ai  hcr  tiirougii  a 
i/8  in.  nozzle.  Tiie  stieam  of  r.ctal  igi.itec  unucr  norma  1  at- 
mosj^iieric  conuitions,  but  tiiere  i  as  no  sustainec  fire  in  tiie  catch 
^an.  Tiie  resiuue  in  the  catcii  ,-an  uas  a  cark  liouic  ciiaracter istic 
of  tlie  resicue  from  cesiui  ex^oscc  to  air.  liiere  uas  no  igiiiticn 
ol'  tne  streai.,  or  catci.  ,.an  resicue  at  0.1  atirs,  iieie,  50'!  air-50? 
argoii  or  10?  aii-OO?  argon. 
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IX.  LXTINGuISHMLX'T  01-  LAFiGl:  SCALL  FIRHS  (PHASI.  \It) 


A,  INTRODUCTION 


Tlie  purpose  of  this  phase  of  the  study  was  to  determine 
the  reliability  of  the  data  generated  with  10  lb  fires  and  to 
uemonstrate  the  feasibility  of  extinguishing  large  alkali  metal 
fires.  Souium,  j^otassiura  anu  NaK  fires  of  100  lb  and  500  lb  were 
extihi^uislieo  uith  'let-L-X,  TI.C  Powuer,  LiF  and  polyurethane  foam. 
The  materials  represent  the  most  promising  extinguishants  evaluated 
in  Phase  IV.  All  fires,  except  that  on  which  polyurethane  foam 
was  useu,  were  alloweu  to  reacii  n.axir.ium  temperature  before  the  ex- 
t  iHijUisiiant  was  ai^plieu.  The  temperature  of  the  fire  on  which 
polyurethane  foai.i  was  useo  was  to  increase  from  500°F,  the  tempera¬ 
ture  before  tlie  liu  was  removeu,  to  800°F  before  the  foam  was 
apj^lieu.  Tlie  time  requireu  for  tliis  temperature  rise  was  min. 
Approximately  50  min  were  required  for  fires  to  reach  their  maxi¬ 
mum  temperature. 

B.  TLST  RhSULTS 


The  results  of  the  ten  runs  which  were  r.iaue  are  listed  in 
Table  9.  In  tlie  small  scale  fires,  it  was  shown  that  the  weight 
ratio  of  extinguishant  to  souium  metal  was  0.72/1.  This  same 
ratio  was  founu  with  tli*^  100  lb  souium  fire.  IVith  500  lb  souium 
fires  tne  ratio  changeu  to  0.45/1  inuicating  that,  on  a  unit  weight 
basis,  less  extinguishant  was  requireu.  Extinguishing  times  for 
the  100  lb  anu  500  lb  fires  (5-4  min)  were  longer  than  with  the  10 
lb  fires  (1-2  min)  but  diu  not  increase  in  proportion  to  the  weight 
of  tlie  burning  metal.  This  was  uue  to  the  more  rapiu  application 
with  the  larger  extinguishers  (550  lb)  compareu  with  the  smaller 
extinguishers  (50  lb)  . 

The  ratio  of  TEC  Powuer/souium  metal  was  0,4/1  on  a  100 
lb  souium  fire  anu  0,2/1  on  a  500  lb  fire.  Not  only  was  less  TEC 
Poivuer  requireu  than  Met-L-X,  but  the  extinguishing  time  was  shorter. 
Both  TEC  Powuer  and  Met-L-X  exhibiteu  some  tendency  for  burn  through, 
but  these  were  quickly  brought  unuer  control  by  application  of 
auuitional  extinguishant. 

Lithium  fluoriue  was  the  least  effective  of  the  salts 
useu  on  large  souium  fires.  The  ratio  of  LiF/souium  metal  was 
1.8/1.  On  tlic  basis  of  these  comparisons,  LiF  cannot  be  considereu 
as  an  effective  extinguishant. 

Met-L-X  anu  TEC  Powder  were  applieu  to  500  lb  NaK  fires 
anu  gave  ratios  of  0,5/1  anu  0.26/1,  respectively.  As  was  the  case 
with  the  smaller  fires,  more  ext inguisliant  was  required  for  NaK 
than  for  sodium  fires  and  extinguishing  times  were  slightly  longer. 
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TABLE  9  -  SUMMARY  OF  LARGE  SCALE  EXTINGUISHMENT  STUDIFSCU 
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(1)  Salts  applied  from  350  lb  pressurized  extinguisher. 


The  ratio  of  Mot-L-X  ana  TEC  Powder  for  500  lb  potassium 
fires  was  0.59/1  and  0.43/1,  respectively.  It  was  necessary  to 
allow  the  potassium  fires  to  burn  until  an  oxide  crust  formed  on 
the  surface.  The  crust  then  served  as  a  support  for  the  extin- 
guishant . 


Polyurethane  foam  was  applied  to  a  100  lb  sodium  fire 
with  temperature  at  800°F.  The  fire  was  extinguished  in  8  min. 
Frequent  burn  through  and  reignition  occurred  but  this  was  con¬ 
trolled  by  application  of  additional  foam. 

The  results  indicate  that  large  alkali  metal  fires  can 
be  extinguished  with  the  application  of  salts.  The  ratio  of  salt 
to  metal  varies  from  0.72/1  to  0.2/1  depending  upon  the  size  of 
the  fire  and  the  type  of  salt  which  is  used.  In  practice,  it  is 
probably  advisable  to  maintain  an  inventory  of  salt  equivalent  to 
the  weight  of  metal  contained  within  a  system.  Hopefully,  emerge  ic 
measures  such  as  valving  off  a  leaking  reaction,  reducing  system 
pressure  and  the  like,  can  be  initiated  to  minimize  loss  of  metal 
from  the  system.  However,  if  a  catastrophic  rupture  of  the  main 
system  piping  occurs,  all  of  the  metal  could  be  ejected  from  the 
system  before  these  emergency  procedures  coulo  be  instituted. 

It  would  be  desirable  if  optimum  application  rates  could 
be  established  for  these  salts.  However,  it  is  essentially  im- 
pos'>ible  to  define  an  optimum  rate;  in  spite  of  the  amount  of  re¬ 
search  which  has  been  performed  on  non-alkali  metal  fires,  the  rate 
of  application  of  water  to  a  wood  fire  or  halogenated  hydrocarbons 
to  flammable  liquid  fires  has  not  been  quantitized.  Alkali  metal 
fires  which  are  generally  more  complex  in  nature  than  either  wood 
or  flammable  liquid  fires  are  more  sensitive  to  the  mode  or  tech¬ 
nique  of  application.  In  general,  the  extinguishant  should  be 
applied  to  an  alkali  metal  fire  as  rapidly  as  possible  without 
disturbance  of  the  salt  crust. 


X.  CONCLUSIONS 


foam  were 
Pov/uer,  a 
for  sodium, 
the 
sguis 


A  number  of  salts,  organic  liquids 
evaluated  as  alkali  metal  fire 
ternary  eutectic  v,ompound,  was 


potassium 

continued 


dictate 

■t  ^  V  *1 

.1.  «i  C  JL 

alkali  metal  ratio 
salt  which  is  used 


of  sodium  fires  as  large  as  500  lb 
when  the  salt  was  applied  from  a 


and  an  inorganic 
extinguishants .  TEC 
the  most  effective  salt 
NaK  but  economic  consideration  may 
of  Met-L-X  which  is  also  quite  effective 

O  O  XtAill  ciliu  tYUlV  AJIO 

ranged  from  0.72/1  to  0.20/1  depending  upon  the 
and  the  size  of  the  fire.  Extinguishing  times 
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350 


were 
lb 


of  the  order  of  4-5  min 
extinguisher.  Both  salts 


44 


were  effective  in  extinj^uisliing  rubiuiui;i  and  cesiur.i  spills  I  ut 
were  incfiective  on  quiescent  pools  of  rubiuiup.  and  cesium .  At 
low  temperatures  (<  700°l-)i  polyurethane  foam  can  be  used  on 
burning,  pools  of  rubiuium  and  cesium.  Because  of  the  high  tempera¬ 
ture  (2000°r+)  anu  cliemical  reactivity  of  burning  lithium,  neither 
of  tlie  salts  were  effective.  Graphite  is  recomr.iendeo  as  the  ex- 
tinguishant  for  lithium  fires. 

Organic  liquius  proved  somewhat  effective  on  low  tempera¬ 
ture  fires  (<i000°F).  In  all  cases,  a  seconoary  liquid  fire 
ensueu,  but  these  were  controlled  with  application  of  CO2  or  broino- 
chloromethane .  In  practice,  tlie  secondary  organic  liquio  fire 
coulu  be  more  severe  and  troublesome  than  the  alkali  metal  fire, 
lienee  the  use  of  organic  liquids  is  not  recommended. 

Gas  blanketing  or  reuuction  of  oxygen  partial  pressure 
was  effective  in  controlling  lithium,  scuiuin  and  potassium  fires. 

At  an  oxygen  partial  pressure  of  0.1  atm,  lithium  aid  not  ignite. 
Souium  ignitea  in  a  50%  Ar-50%  air  atmosphere  but  less  metal  was 
consumeu  (53%)  than  when  souium  was  burned  in  a  normal  atmosphere 
(82%).  In  90%  Ar-10%  air  ana  in  normal  air  at  0.1  atm,  sodium 
aid  not  ignite. 

Potassium  aia  not  ignite  when  exposed  to  0.1  atm,  but 
slowly  oxiuized  with  86%  of  the  metal  consumea.  In  atmospheres 
of  50%  Ar-50%  air  and  90%  Ar-i0%  air,  potassium  did  not  ignite 
but  46%  and  49%,  respectively,  of  the  free  metal  was  consumed  by 
slow  oxiaation. 

Rubiuium  and  cesium  in  quiescent  pools  did  not  burn  in 
tlie  same  manner  as  the  other  alkali  metals,  i.e.,  there  was 
essentially  no  smoke,  emission  of  light  or  formation  of  an  oxide 
crust  on  the  surface.  However j.  when  exposed  to  the  normal  at¬ 
mosphere,  100%  of  the  free  metal  was  oxidized.  And  unlike  the 
other  alkali  metals,  the  degree  of  oxidation  could  not  be  reduced 
by  altering  the  atmosphere;  100%  of  the  metal  was  oxidized  in  the 
90%  Ar-10%  air  atmosphere. 

Variation  of  oxygen  partial  pressure  v;as  also  effective  in 
controlling  ignition  of  jet  streams  of  alkali  metals.  Streams 
of  rubidium  anu  cesium  ignited  in  a  normal  atmosphere,  but  diu 
not  ignite  in  an  atmosphere  of  50%  Ar-50%  air  or  90%  Ar-10%  air  of 
0,1  atm  absolute  pressure. 
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XI .  RECOMMENDATIONS 


A.  INTRODUCTION 


The  results  of  this  study  coupled  with  past  operating 
experience  have  leu  to  the  formulation  of  certain  recommendations 
with  respect  to  alkali  metal  fires.  As  an  example,  a  typical 
alkali  metal  system  has  been  chosen.  It  is  recognized  that  there 
are  obviously  many  other  operational  configurations  which  could 
have  been  selectee  such  as  alkali  metals  as  hydraulic  fluids, 
coolants  ana  the  like  in  high  altitude  aircraft,  but  the  con¬ 
figuration  selected  represents  a  rather  complete  spectrum  of  con- 
uitions  which  might  be  encountered.  As  a  basis  for  these  recom¬ 
mendations,  it  is  assumed  that  an  alkali  metal  (sodium,  potassium 
or  NaK)  cooled  reactor  is  being  used  to  generate  electrical  power 
on  board  a  spacecraft.  It  is  further  assumed  that  the  system  will 
contain  500  IL  of  alkali  metal  at  1500®F.  Table  10  presents  the 
conditions  which  might  exist  and  the  procedures  which  should  be 
employed . 

B.  SUPPLY  CONTAINER 


The  alkali  metal  will  be  transported  to  the  launch  pad 
area  in  a  supply  container.  This  might  be  a  container  in  which 
the  supplier  originally  packaged  the  alkali  r.ietal,  or  a  special 
container  to  which  purified  alkali  metal  has  been  charged.  It  is 
likely  that  some  prepurification  of  the  metal  will  be  made  prior 
to  char^iiiit,  of  the  system.  Prepurif ication  procedures  may  entail 
hot  trapping,  cola  trapping,  filtration,  distillation  or  any  com¬ 
bination  of  these. 


The  supply  containers  wi 
from  200-500  lb  of  metal.  These  w 
steel  and  will  tj  equipped  for  hea 
lOO-ZOO^F  above  the  melting  point, 
temperature  of  these  vessels  will 
rupture  of  the  vessel  is  improbabl 
accident  and  the  maximum  credible 
leakage.  Incidents  such  as  these 
off  the  leaking  section,  reducing 
in  same  cases  freezing  tho  leaking 
minimize  the  magnitude  of  leakage 
the  fire  resulting  from  tlie  raetal 


11  be  large  vessels  containing 
ill  be  fabricated  of  stainless 
ting  the  contained  metal  to 
Since  the  maximum  operating 
be  350-400®F,  a  catastrophic 
e.  Hence,  the  most  likely 
accident  is  valve  and  fitting 
are  controllable  by  valving 
pressure  on  the  supply  tank  and 
line.  Although  these  procedures 
and  fire,  they  do  not  extinguish 


wiiicii  bias  leaked  frcm 


the  system 


The  fire  resulting  from  leakage  from  the  container  can 
be  extinguished  by  application  of  Ansul's  Met-L-X  ,  TEC  Powder  or 
polyurethane  foam.  Although  these  three  extinguishants  are  re¬ 
ferenced  throughout  this  section,  the  souium  chloride-based  compound 
is  probably  the  most  likely  choice  based  on  cost,  availability 
and  past  history.  The  quantity  of  extinguishant  required  will 


46 


TABLE  10  -  TYPICAL  ALKALI  METAL  FLOW  SHEET 
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probably  be  small  since  the  amount  of  alkali  metal  released  from 
the  container  shoula  be  small.  However,  since  a  larger  quantity 
of  extinguishant  will  be  required  during  transfer,  the  extinguishant 
will  be  on  site  while  the  alkali  metal  is  contained  vcithin  the 
supply  vessel  and  the  quantity  which  shoula  be  available  should 
equal  the  weight  of  the  metal  contained  in  the  supply  vessel. 

C.  TRANSFER  FROM  CONTAINER  TO  SYSTEM 


The  bulk  temperature  of  the  alkali  metal  supply  during 
transfer  procedures  will  be  e-'  350°F  (for  sodium)  in  the  supply  con¬ 
tainer.  Connecting  piping  will  be  at  least  at  this  temperature 
ana  perhaps  as  much  as  50®F  higher.  The  most  likely  accident  during 
transfer  is  the  development  of  leaks  in  fittings  or  valves.  These 
can  be  control  leu  in  the  same  fashion  describeu  for  supply  con¬ 
tainers  where  tlie  leaking  section  is  valved  off,  pressure  on  the 
supply  container  is  reduceu  and  extinguishant  is  applied  to  the 
metal  which  has  leaked  from  the  system. 

The  maximum  credible  accident  during  transfer  would  be 
a  catastrophic  rupture  of  the  connecting  plumbing.  If  the  rupture 
occurs  at  a  position  where  a  valve  is  located  between  the  supply 
tank  and  rupture,  tlie  severity  of  the  fire  can  be  controlled  by 
closing  the  valve.  If  the  rupture  should  occur  between  the  supply 
tank  and  the  valve,  it  is  likely  that  all  of  the  metal  will  be 
ejecteu  from  the  system.  In  this  case,  a  severe  fire  will  follow 
and  must  be  controlled  by  application  of  Met-L-X,  TEC  Powder  or 
polyurethane  foam.  It  has  not  been  establisheu  whether  the  re¬ 
actor  Koulu  be"  chargeu  before  or  after  installation  in  the  vehicle. 
It  woulu  be  advisable  to  charge  the  reactor  before  installation 
since  the  length  of  connecting  plumbijig  could  be  held  to  a  minimum 
anu  the  possibility  of  damage  to  the  vehicle  would  be  minimized. 

LJ.  REACTOR  ON  PAU 

Prior  to  launch,  the  reactor  will  have  been  installed 
in  the  vehicle  and  will  probably  not  unuergo  start  up  until  orbit 
is  attainea,  the  purpose  of  this  procedure  being  to  reuuce  radiation 
liazaras  to  the  site.  The  temperature  of  the  alkali  metal  then  can 
vary  from  ambient  temperature,  if  there  are  provisions  to  melt  the 
alkali  iiietal  after  orbit  is  attaineu,  to  350®r  if  the  metal  must 
be  molten  prior  to  attaining  orbit. 

Again  the  most  likely  inciuent  is  leaking  fittings  or 
valves.  If  this  occurs,  while  the  vehicle  is  being  readied  for 
flight,  extint,uishants  can  be  appliea  if  the  reactor  compartment 
is  reauily  accessible.  Otherwise  inert  gas  blanketing  is  the  best 
methou  of  controlling  the  fire.  The  maximum  credible  accident 
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could  be  rupture  of  the  primary  piping,  of  the  alkali  metal  system. 
This  \voulu  most  likely  occur  uuriiig  rocket  i^rdtion  arc  lift  off 
wliere  vibratiohal  and  gravitational  forces  arc  greatest.  Lven 
if  the  craft  were  inanncu,  it  would  l.e  im, possible  for  manual  appli¬ 
cation  of  extinguisiiant .  Automatic  delivery  of  ext inguishant  to 
the  fires  is  a  possibility,  but  the  weight  peiialty  iiuposcd  uuc  to 
extini,uishant ,  extinguisliaiit  uelivery  systei.  anu  uressurizing 
equipment  would  probably  rule  out  the  feasibility  of  such  a  systcr.i. 
Inert  gas  blanketing  then  woulu  appear  to  be  tlic  only  reasonable 
means  of  alkali  metal  fire  control  anu  extinguishment. 

L,  ABORT 


If  the  vehicle  suffers  an  abort  during  lift-off  or  while 
attaining  orbit,  catastrophic  rupture  of  the  main  alkali  metal 
plumbing  is  likely  to  occur.  In  this  case,  there  seems  to  be 
little  tliat  can  be  uone  to  extinguish  or  control  the  alkali  metal 
fire  wiiich  will  follow.  It  shoulu  be  noteo  that  the  fuel  and 
oxiuizer  explosion  and/or  fire  which  would  follow  an  abort  would 
be  infinictely  greater  t’nan  the  alkali  metal  fire.  Interaction 
between  alkali  metal  anu  either  fuel  or  oxidizer  has  been  con- 
sidereu.  There  woulu  be  no  reaction  between  some  of  the  hydro¬ 
carbon  fuels  and  tlie  alkali  metal,  since  souium  anu  N’aK  can  be 
storeu  under  mineral  oil  or  kerosene.  Tl;c  severity  of  the  reaction 
between  the  alkali  metals  and  oxiuizers  or  alcoliol  will  uepenu  upon 
tlie  conuitions  whicli  exist  at  the  time  of  contact.  In  this  study, 
an  ampoule  of  .\'aK  was  immerseu  in  liquiu  oxygen  and  the  ampoule 
was  broken.  Tlie  only  reaction  which  occurreu  was  surface  oxiuation 
of  the  RaK;  no  fire  resulteu.  Conversely,  !,’ak  was  allowed  to 
urip  into  liquiu  oxygen  from  a  heigiit  of  15  ft.  In  tlds  case, 
the  i\aK  Iiau  igniteu  before  contact  with  the  liquiu  oxygen.  There 
was  severe  spattering  of  the  XaK  ulien  it  contacteu  the  liquiu  sur¬ 
face  anu  tiie  vessel  in  wiiicli  the  liquiu  oxy^,en  was  contained 
igidtcu  and  was  completely  consumeu. 

b.  L\-FLIGI1T 


bnuer  in-flight  conuitions,  tiic  most  likely  acciuent  is 
fitting  or  valve  leakage.  If  an  artifical  gravity  has  been  im- 
partcu  to  the  vehicle,  the  auuition  of  !!et-I.-X  or  THC  Pow'der  to 
the  fire  would  be  possible.  Agaiij,  h.owcver,  the  wcigiit  penalty 
imposcu  by  tiic  salt  wliicli  r.ust  he  carricu  on  boarc  could  be  ob- 
jecticnable.  Further,  since  the  maximun  creuiblc  acciuent  would 
be  catastropliic  rupture  of  the  primary  alkali  metal  piping,  inert 
gas  blanketing  woulu  be  reejuircu  for  extinguishment  of  the  fire 
resulting  from  a  maximum  credible  acciuent.  It  is  rccorncnded, 
then,  tliat  a  low  oxygen  partial  i,rcssi're  in  the  reactor  compart¬ 
ment  be  maintaincu  (or  that  the  compartment  he  ventcu  to  the 
vacuum  of  s^ace)  anu  tliat  extii.guisiiant  not  be  carried  on  hoard. 
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y\PrENDIXIiS  I  THROUGH  III 


SO 


APPENDIX  I 


CHAF^ACTERISTICS  AND  CONTROL  OF  NON-ALKALI  METAL  FIRES 


A.  INTRODbCTION 

A  proposed  fire  research  program  submitted  by  the 
Committee  on  Fire  Research  lists  the  areas  in  which  basic 
stuuies  would  contribute  most  significantly  to  understanding  of 
fires.  In  summary  these  are: 

1.  Characteristics  of  convection  of  hot  air 
and  gases  as  affected  by  winds,  topography, 
density,  gradiants  and  turbulence. 

2,  Gas  and  flame  emissivities  as  a  function  of 
frequency  at  high  temperature. 

5.  Cooling,  smothering  and  direct  chemical 
kinetic  action  of  flame  suppressants. 

4.  Aerodynamic  properties  of  burning  bodies  in 
motion . 

5.  Meclianism  ana  thermochemistry  of  pyrolysis 
ana  oxiaation  of  soliu  combustibles  with 
emphasis  on  enuothermic  and  exothermic  re¬ 
actions  on  solid  phase,  gas  evolution  and 
heat  transfer  from  the  surface  and  from 
burning  gases. 

6.  Model  .laws  for  aerothermodynamic  systems 
with  respect  to  geometry,  fuel  type, 
rauiation,  heating  rate  and  so  on. 

7.  Fundamental  studies  of  sprays  including 
evaporation  rates,  distribution  of  droplet 
sizes,  jet  chracteristics  and  entrained  air. 

These  suggestions  are  listeu  here  since,  although  they 
apply  basically  to  wood  and  hydrocarbon  fires,  many  are  applicable 
to  alkali  metal  fires.  To  oate  most  fire  research  has  been  guiaea 
by  the  empirical  approach.  The  Committee  on  Fire  Research  suggests 
that  the  scientific  uisciplines  inducing  physics,  chemistry, 
tliermoaynainics ,  fluid  mechanics,  chemical  kinetics,  heat  transfer 
and  so  on  be  used  to  produce  quantitative  data  on  fires. 
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Some  of  the  general  statements  made  in  Fire  Research 
Abstracts  and  Reviews  are  listed  here  to  establish  the  state  of 
the  art.  Information  relating  specifically  to  alkali  metal  fires 
follows  this  listing. 

B,  DRY  SALT  EXTINGUISHING  AGENTS 

A  review  by  Fricaman  and  Levy^^)  discusses  the  mechanisms 
of  action  of  chemical  agents  for  flame  extinguishment.  Two  types 
of  chemical  agents  are  discussed  -  (1)  covalent  halides  such  as 
CCI4,  CHCl?,  CF2Br2,  CH2ClBr  and  the  like  and  (2)  inorganic  salts 
such  as  NaHC03  and  KHCO3.  The  cogent  point  made  is  that  these 
agents  suppress  fires  by  chemical  action  rather  than  by  physical 
or  mechanical  interaction.  This  fact  is  verified  in  that  the  peak 
percentage  of  diluent  (the  percentage  cf  diluent  which  will  prevent 
a  fuel-air  mixture  from  burning)  for  a  methane-air  mixture  is 
381  N2»  25%  CO2  but  only  4.7%  CIl^Br,  This  amount  of  CHjBr  is  much 
too  small  to  account  for  extinguishment  by  either  cooling  or 
smothering.  The  explanation  advanced  for  this  phenomenon  is 
chemical  inhibition  by  reaction  with  active  species.  Flame  tempera¬ 
tures  range  from  1500  to  3000°C.  At  2500®C  water  is  dissociated 
into  the  active  species  H  and  OH;  the  same  analogy  holds  for 
hydrocarbons  with  radicals  such  as  CH3  and  C2Hr  formed.  With  water, 
these  species  initiate  chain  reactions  of  the  following  type,  with 
each  reaction  producing  another  reactive  radical: 

H  +  O2  - OH  +  0 

OH  +  H2  - H2O  +  H 

0  +  H2  - OH  +  H 

Covalent  halides  are  believed  to  break  these  chain  reactions  and 
thus  act  as  extinguishants .  Bromides  and  iodides  are  more  efficient 
than  chlorides  and  fluorides. 

Rosser  et  ai^^^  present  the  following  process  as  the 
flame  extinguishing  mechanism  of  the  covalent  halides: 

OH  +  HBr - HOH  +  Br 

Br  +  RH  - HBr  +  R 

HBr  is  formed  by  decomposition  of  the  covalent  bromide  and  sub¬ 
sequent  reaction  of  the  free  Br  with  active  H  species.  The  net 
result  is  to  replace  the  OH  by  a  less  reactive  species  Br  or  H. 

This  theory  also  explains  why  the  bromide  and  iodides  are  more 
effective  than  chlorides  or  fluorides  since  the  H-Cl  and  H-F  bonds 
are  so  strong  that  the  first  reaction  is  too  slow  to  have  any 
effect  on  the  overall  reactions  occuring  in  the  fire. 
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Commercial  dry  salt  extinguishing  agents  are  usually 
carbonate  or  bicarbonate  salts.  It  was  originally  thought  that 
the  extinguishing  capabilities  of  these  salts  were  uue  to  release 
of  CO2  as  a  smothering  agent.  However,  recent  stuuies  show  that 
the  salts  are  essentially  unchangeu  anu  salts  uiiicli  uo  not  evolve 
CO2  are  as  effective  as  the  carbonates  anci  bicarbonates.  Hence, 
the  extinguishing  capabilities  are  attributed  to  chemical  rather 
than  physical  mechanisms.  When  uifferent  solids  of  the  same 
particle  size  are  compared,  tremendous  differences  in  extinguishing 
capabilities  are  exhibiteu.  However,  some  mechanical  effect  may 
be  present,  since  the  smaller  the  particle  size,  the  more  effective 
is  the  salt. 

Neill reports  that  an  increasing  extinguishing  effect 
is  evident  with  increasing  atomic  number  of  the  alkali  metals, 
Superior  fire  fighting  qualities  are  eviuent  for  KHCO3  compared  to 
NaHCOs . 

C.  HFFbCT  OF  ATMOSPHHRf:  ON  COMBUSTION 

Klein^^^)  has  presentee  data  on  the  effect  of  aircraft 
cabin  atmosphere  up  to  25,000  feet  on  burning  times,  which  might 
provide  a  correlation  with  alkali  metal  fires  under  various  at¬ 
mospheric  conuitions.  Cotton  cloth  burning  time  decreases  as  the 
proportion  of  oxygen  increases,  regardless  of  the  partial  pressure 
of  nitrogen;  the  same  was  true  with  helium  insteaa  of  nitrogen. 

No  atmospheric  composition  up  to  25,000  feet  will  prevent  silicone 
rubber,  glass  or  Dacron  braid  insulation  from  burning.  Ignition 
temperatures  of  hydraulic  fluids  increased  as  cabin  pressure  de- 
creaseu  witli  both  pure  oxygen  and  air.  Conclusions  are  that  a 
minimum  oxygen  content  with  maximum  inert  gas  content  provides 
an  optimum  atmosphere  for  a  space  vehicle, 

Zehrt^^)  reported  on  a  study  of  combustion  intensity  of 
woou  dust  ana  air  mixtures  with  varying  oxygen  content.  The 
following  results  are  listeu: 


Oxygen 

Maximum 

Calculated 

Content 

Pressures 

Pressures 

(atm) 

(atm) 

21 

4. 1-4. 3 

10.7 

19 

3.9-4  .1 

17 

3. 5-3. 7 

15 

2. 9-3.1 

8.3 

13 

1 .6-1 .8 

11 

No  ignition 

6,4 

D.  COMBUSTION  UNDER  ZERO  GRAVITY  CONDITIONS 


A  discussion  of  combustion  under  zero  gravity  conditions 
would  seem  warranted  before  alkali  metal  fires  are  discussed. 
Gersteinl^^)  suggests  that  two  questions  are  principally  involved: 


1.  Preparation  of  combustible  mixtures  where 
gaseous  and  liquid  flammable  material  are 
i nvolved . 

2,  The  actual  combustion  process  of  all 
flammable  materials  present  within  the 
spacecraft . 


In  the  absence  of  gravitational  effects  and  forced  convection, 
flammable  vapor  is  spreau  only  by  diffusion.  He  estimates  that 
mixing  rates  will  be  lower  under  zero  gravity  than  under  normal 
gravity  conditions.  He  indicates  however  that  if  the  spill  is 
in  motion  a  random  uistribution  of  flammable  sources  is  expected 
and  the  formation  of  flammable  mixtures  v;ould  be  more  likely. 


Experimental  combustion  studies  have  been  made  under 
normal  gravity  conditions,  while  theoretical  studies  have  neglected 
gravitational  effects  and  reasonable  agreement  exists  between  the 
two.  Hence,  tlie  thesis  is  advanced  that  gravitational  effects 
play  a  minor  role  in  the  combustion  process.  However,  validity 
of  this  conclusion  is  subject  to  question. 

Free  fall  studies  of  single  burning  drops  show  that: 

1.  The  dimensions  of  the  flame  boundary  and  hot 
air  zone  become  higher  and  narrower  as 
acceleration  increases  because  natural  con¬ 
vection  becomes  stronger. 

2.  Burning  rates  increase  as  acceleration  in¬ 
creases.  Burning  ratec  can  be  expressed 
in  the  form  of: 


r> 

u 


o 


2 


_  7 

U*" 


=  kt 


where: 

D  =  drop  diameter  at  time  t 
Dq  “  initial  drop  diameter 
k  =  evaporation  constant 

The  value  of  k  roughly  doubles  in  going  from  a  zero  gravity  to  the 
normal  value  for  gravity. 
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Empriical  equations  which  include  natural  convection 
effects  liave  i,ravity  appearing  as  a  tern:  raiseu  to  a  fractional 
exponent : 


o  3/4 

51^  =  45B 


.  1/4 


wiiere : 

0 

m  =  burning  rate  per  unit  surface  area 
u  =  sphere  uiametcr 
c  =  specific  lieat 
k  =  thermal  conuuctivity 

B  =  transfer  number,  a  function  of  fuel  properties 
g  =  acceleration  due  to  gravity 
c<=  thermal  uiffusivity 

Since  it  is  obvious  that  the  burning  rate  is  not  zero  when  gravity 
is  zero,  Gerstein  suggests  the  following  equation  would  be  more 
suitable, 


0 

««  (b)  =  niotl  +  ^(b)] 

witli  f(g)  small  compared  to  unity.  It  is  also  suggcsteu  that 
flammability  limits  would  be  narrower  under  zero  gravity  conditions. 
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Arri:.\uix  ii 


PRHSLXT  PRACTICKS  OF  ALKALI  JICTAL  Fin; 


LXTiNnLiFi!.‘:F::T 


A.  INTRODUCTION 


Lxtiii^uishr.ient  of  alkali  metal  fires  is  oiscusscu  ir. 
tlie  Liquiu  Metals  llanubook .  ^ J  Need  for  ventilation  of  alkali 
metal  operating  areas  is  stressed.  Without  proper  ventilation, 
fire  figiitin^,  personnel  are  lianuicappeo  by  the  uense  clouds  of 
alkali  metal  oxiue  smoke  v.’iiich  limit  visibility  ano  cause  throat, 
lung  anu  eye  irritation.  A  sclf-containeu  breathing  apparatus 
is  suggested  if  oxygen  levels  can  be  low,  otherwise  a  respirator 
is  sufficient.  An  auvantage  of  the  sclf-containeu  breathing 
apparatus  is  protection  afforded  to  tlie  facial  skin  and  eyes. 

It  is  reporteu  that  souiuin  and  NaK  will  ignite  spon¬ 
taneously  in  air  at  temperatures  above  IIS^C  (239°F)  witli  flame 
temperatures  of  1500-1600°I' .  Ignition  is  dependent  upon  surface 
area,  det,ree  of  dispersion  and  humiuity.  Combustion  of  souium 
is  not  self-sustaining  in  an  atmosphere  of  less  than  5”  oxygen. 

Dry  alkali  metal  chlorides,  graphite  or  soua  ash  act  successfully 
as  smothering  agents,  V.'ater,  carbon  tetrachloride,  carbon  dioxiue 
ana  souium  bicarbonate  must  never  be  used  as  alkali  metal  fire 
extinguisliants ;  water  and  carbon  tetrachloride  react  with  ex¬ 
plosive  V io  1  ence  wi tir  aXkai^  It  cannot  be  "over stressed 

that  the  extinguishing  agents  must  be  of  a  completely  anhydrous 
nature.  Commercially  prepared  extinguishing  agents,  such  as 
Met-L-X  ury  ^owuer  distributed  by  Ansul  Chemical  Company,  are 
treateu  to  prevent  moisture  pick-up  and  maintain  the  extinguishing 
agent  in  free  flowing  form.  Pyrene  G-1  powder  distributed  by 
Pyrene  Manufacturing  Company  is  a  graphite-base  material  treated 
to  prevent  moisture  pick-up.  These  extinguisliants  should  be 
stored  in  covered  buckets  or  arums,  or  in  extinguishers. 


Extinguishing  agents  can  be  applied  either  from  extin¬ 
guishers,  or  with  scoops  or  shovels.  Pressured  extinguishers  are 
available  in  20,  30  and  350  pound  sizes  and  fan  spray  type  nozzles 
should  be  used  to  spread  the  salt  and  minimize  disturbance  of  the 
burning  alkali  metal  pool.  Shovel  or  scoop  application  is  usually 
preferred  over  extinguisher  application.  However  for  large  fires, 
cxtiiiguisiier  application  is  advised.  The  choice  must  remain  with 
the  fire  fighting  personnel  at  the  site.  Teclinique  of  application 
of  the  extinguishing  agent  is  an  important  aspect  of  fire  fighting. 
Extinguishing  agents  must  be  applied  carefully  to  prevent  splashing 
and  must  completely  cover  the  alkali  metal  surface.  The  salt  fuses 
to  form  a  crust  over  the  alkali  metal  and  serves  to  exclude  oxygen; 
breakthrough  of  this  crust  must  be  avoided  since  the  fire  will  re- 
kinole  if  the  alkali  metal  has  not  cooleu  to  below  the  ignition 
temperature . 
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Alkali  metal  fires  are  not  particularly  hazardous  unless 
burning  metal  contacts  the  skin,  but  secondary  hazards  must  be 
avoided.  Provisions  must  be  made  to  prevent  alkali  metal  contact 
with  water,  organics,  combustibles  and  concrete  floors.  Tempera¬ 
tures  of  burning  alkali  metals  are  high  enough  to  cause  spalling 
of  concrete  which  will  add  to  the  overall  hazard. 

Proper  design  of  equipment  will  reduce  hazards  to 
personnel  and  equipment.  Construction  tecliniques  and  leak  testing 
minimize  the  possibility  of  alkali  metal  leaks,  A  sump  tank  pro¬ 
vides  a  means  of  rapidly  draining  the  system  and  "removing  fuel  from 
the  fire",  gravity  flow  to  the  sump  tank  is  advisable.  A  drip  pan 
aids  immeasurably  in  containing  leaking  alkali  metal,  aiding  in 
fire  control  and  preventing  contact  of  burning  metal  with  concrete. 
Grating  over  the  drip  pan  will  limit  convection  of  oxygen  to  the 
fire  and  can  provide  a  support  for  extinguishant .  Drip  pans  should 
be  of  sufficient  size  to  contain  the  volume  of  metal  housed  in  a 
system . 


No  insulation  is  known  which  is  impervious  to  molten 
alkali  metals  but  the  following  are  suitable  for  use; 

1.  High  density  refractory  minerals  fiber  felts 

2,  High  density  mineral  wool  or  glass  fiber, 
either  felted  or  in  molded  block  form 

5.  Low  density  (not  exceeding  six  lb  per  cu 
ft)  mineral  wool  or  glass  fiber  felts 

4.  Asbestos  with  low  water  of  crystallization, 
such  as  felted  or  molded  amosite 

5.  Molded  aerogel  insulation 

6.  Eighty-five  percent  magnesia  insulation 

7.  Moldeu  diatomaceous  earth  insulation 
(1900‘’F  type) 

8.  Molded  calcium  silicate  insulation 

9.  Stainless  steel  wool 

10.  Metal  foil  enclosures  filled  with  any  of 
the  above  materials. 

Some  of  these  materials,  specifically  high  density  mineral  fiber 
felts,  molded  aerogel,  molued  diatomaceous  earth  and  high  tempera¬ 
ture  moldeu  amosite,  have  displayeu  resistance  to  flow  of  liquid 
sodium.  This  characteristic  can  aid  in  fighting  fires  occurring 
in  vertical  pipes. 
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Clean-up  is  a  facet  of  fire  fighting  which  cannot  be 
neglecteu.  Alkali  metal  fires  will  result  in  a  residue  containing 
unburned  metal,  hydroxides,  oxides,  carbonates  and  fire  extinguishing 
medium.  It  must  be  remembereu  that  the  reaction  products  are  de¬ 
liquescent  and  contact  of  tliese  hydrated  salts  with  free  alkali 
metal  can  result  in  a  fire  or,  under  proper  circumstances,  an 
explosion.  Hence,  clean-up  immediately  following  a  fire  cannot 
be  overemphasized.  The  mass  should  be  shovelled  into  a  dry  metal 
container  equipped  with  a  lid.  The  material  should  be  transported 
to  the  disposal  area  and  burned  in  an  open  pan  with  frequent 
stirring  to  assure  complete  combustion.  Following  the  combustion 
process,  the  area  should  be  thoroughly  flushed  with  water. 

Handling  of  NaK  residues  is  more  hazardous  than  the 
handling  of  sodium  residues  since  the  NaK  remains  liquid  at  room 
temperature.  The  same  can  be  said  for  cesium  residues. 

B.  SAFETY  EQUIPMENT  AND  FIRST  AID  PROCEDURKS 

Proper  safety  equipmenc  will  protect  personnel  from 
injury  and  provide  greater  efficiency  in  fire  fighting,  The  fol¬ 
lowing  equipment  is  considered  the  minimum  requirement  for  fire 
fighting; 


Eye  protection  -  Non-flammable  face  shields 

along  with  safety  goggles 

Head  protection  -  Safety  or  "hard”  hat 

Foot  protection  -  Leather  safety  shoes 

Body  protection  -  Loose  fitting,  flame-proof 

clothing  such  as  coveralls 
or  loose  jacket  and  trousers 

Hand  protection  -  Chrome  leather  gauntlet  gloves 

Respiratory  protection  -  Respirator  or  self- 

contained  breathing  apparatus. 

In  the  event  of  a  spill  of  burning  alkali  metal  on  the  clothing  or 
skin  of  personnel,  one  of  the  two  following  procedures  is  recom¬ 
mended  in  the  literature: 

1.  Remove  clothing  if  covered  with  burning 
alkali  metal  and  flood  subject  with  water 
as  quickly  as  possible,  followed  by  neu¬ 
tralization  with  3%  acetic  acid, 

2.  Flood  with  mineral  oil  and  remove  alkali 
metal  particles  by  scraping  or  with  tweezers. 


58 


Both  techniques  have  their  auvantages  and  disadvantages  and  the 
choice  must  rest  v.'ith  personnel  performing  first  aid  treatment. 
Water  rapidly  ano  completely  removes  alkali  metals  and  caustic 
from  the  skin,  but  scattering  of  the  metal  may  result.  Mineral 
oil  is  useu  to  excluue  air  from  the  alkali  metal,  but  can  in 
itself  ignite,  and  it  tends  to  seal  the  caustic  to  the  skin, 
causing  chemical  burns.  In  botlt  cases,  the  treatment  should  be 
followed  by  neutralization  with  3^  acetic  acid.  Do  not  use 
acetic  acid  in  the  eyes,  but  flush  with  water  or  mineral  oil  and 
follow  with  51  boric  aciu  treatment. 

A  woru  on  fighting  rauioactive  alkali  metal  fires  seems 
warranted  since  these  metals  will  be  used  as  reactor  coolants.  In 
general,  rauioactive  fires  should  be  fought  in  the  same  manner  as 
non-radioactive  fires,  keeping  in  mind  the  radiation  exposutd  and 
ingestion  liazard  to  which  fire  fighting  personnel  are  subjected. 
Protective  equipment  should  include  a  self  contained  breathing 
apparatus  rather  than  a  respirator  to  eliminate  the  ingestion 
hazard . 


metals , 


Thorley  and  Raine^^^^  uiscuss  safe  handling  of  alkali 
Health  hazards  are  listed  asi 


I,  Flesh  burns  from  contact  with  metal  or 
caustic  resiuues 


2. 

Four  points  are 

1 . 
2. 

3 , 

4. 


Eye,  nose,  throat  and  lung  uamage  from  in¬ 
halation  of  alkali  metal  oxide  smoke. 

listed  to  ensure  .maximum  safety  during  handling: 

Shielu  all  apparatus 

Incorporate  dump  vessels  in  the  system 

bse  inert  cover  gas  to  prevent  in-leakage 
of  atmospheric  gases  and  to  aio  in  dumping 

Install  arip  trays  under  the  apparatus. 


Soda  ash  (anhydrous)  ano  zirconium  carbonate  are  recor.menued  as 
extinguishants  with  application  from  a  CO2  pressurized  extinguisher, 
Sprinklers  or  scoops  may  also  be  used;  scoops  are  particularly 
useful  in  forming  salt  dykes  around  molten  alkali  metals.  The 
authors  recommenu  that  alkali  metal  burns  be  covered  with  liquid 
paraffin  anu  that  water  never  be  used  on  alkali  metal  spills  on 
the  skin. 
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L.  LXPLRli^iLNTAL  STUUILS  WITH  DRY  POWDTR  liXTIXGLISliA.NTS 


ZeratskyC^S)  uiscusses  ury  po\;ocr  cxtini,uishin;_,  agents 
for  alkali  i.'.etal  fires.  G-1  powuer  is  the  traue  nane  of  a  pro¬ 
duct  of  the  lyr-Pyter  towpany  anti  is  conposeu  of  granular  graphite 
to  \.iiich  is  auueu  j^hosphorous-containing  coinj^ounus,  Tiie  product 
uecoraijoses  to  phosphorous  coinpounus  which  blanket  the  fire  and 
graphite  which  cools  tlie  alkali  metal  to  below  the  ignition  point. 

It  can  be  applied  with  shovel  or  sccop  but  cannot  be  discharged 
from  an  extin^^uisher . 

Met-L-X  ,  manufactured  by  Ansul  Chemical  Company,  is  a 
souium  chloriue  base  with  additives  to  render  it  free  flowing 
(tricalcium  phosphate)  anu  cause  heat  caking  (metal  stearates) .  A 
thermo-plastic  material  is  auaeci  to  binu  the  sodium  chloride 
particles  into  a  soliu  mass  unucr  fire  conuitions. 

Both  G-1  ana  Met-L-X  are  non-combustible  and  secondary 
fires  uo  not  result.  They  are  generally  non-toxic  and  their  use 
will  not  increase  the  intensity  of  a  fire.  Both  are  treated  to 
maintain  the  extinguishant  in  an  anhyurous  condition . 

Pan  fires  ana  Sj^ill  fires  of  souium  are  easily  ex- 
tinguisnea  with  Mct-L-X  or  G-1.  Because  of  its  ability  to  auhere 
to  molten  souium,  Met-L-X  can  be  used  on  sprayeu  or  spilled  sodium 
on  vertical  surfaces. 

Either  extinguishant  can  be  used  on  potassium  or  XaK  fires, 
but  since  the  specific  gravity  of  the  molten  metals  is  less  than 
that  of  G-1  or  idet-L-X,  the  powuers  tend  to  sink.  A  perforated 
plate  located  near  the  liquid  metal  surface  has  been  used  to  sup¬ 
port  tile  crust  formed  with  these  extinguishants . 

G-1  is  suitable  for  both  lithium  spill  fires  and  lithium 
fires  in  aepth.  Met-L-X  is  not  recommended  for  lithium  fires  of 
depth  since  it  sinks  and  lithium  reacts  with  the  salt  to  produce 
LiGl  and  souium  metal.  Thin  layer  lithium  spill  fires  can  be 
fought  with  Met-L-X  since  the  salt  cannot  sink;  the  resultant 
sodium  fire  is  more  easily  extinguished  than  a  lithium  fire. 

Lith-X,  a  graphite-base  powuer,  has  been  developed  by  Ansul 
Chemical  Company  for  lithium  fires. 

Lith-X  is  also  uscu  on  triethylaluminui  fires  i.hcre  it 
extinguishes  only  by  absorption  of  the  liquid.  Met-L-Kyl,  a 
bicarbonate  base  with  an  activated  absorbant,  has  also  been  de¬ 
veloped  for  triothylaluminum  fires.  Water  and  foams  reacted 
explosively,  CO2  was  ineffective  and  ury  chemical  and  chloro- 
bromometliane  extinguished  but  permitted  reignition  of  triethyl - 
aluminum  fires.  About  7-10  pounds  of  Lith-X  or  Met-L-Kyl  are 
required  per  pound  of  triethylaluminum . 
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Other  metal  fires  are  discussed  witli  the  following  recom- 
menuations : 

Magnesium  -  Firej  m  dry  or  oily  chips.,  turnings 
or  castings  can  he  extinguished  with 
either  agent 

Uranium  -  Both  agents  are  effective 

Titanium  -  C-1  is  more  effective  than  Met-L-X 

which  cannot  form  a  crust  at  com¬ 
bustion  temperatures 

Zirconium  -  Fires  with  chips  or  turnings  coated 
with  oil-water  coolant  can  be  ex- 
tinguisheu  with  either  agent.  Fires 
involving  moist  chips  or  turnings 
are  only  controlled, 

Blackmer has  reported  on  the  hazards  associated  with 
NaK,  suggesting  removal  of  fuel  (to  a  dump  tank)  as  the  best  fire 
fighting  technique.  Fire  hazards  in  aircraft  could  be  reduced 
by  packing  all  voids  with  vermiculite  or  some  other  lightweight, 
fire  proof  insulation, 

Kumpitscli describes  a  NaK  disposal  facility  for  test 
equipment.  It  consists  essentially  of  an  8  foot  deep  water  tank 
with  remote  control  oeviccs  for  immersing  containers  in  the  reser¬ 
voir,  Although  the  reaction  is  violent,  no  oxide  fumes  are  formed 
ana  the  technique  is  consiuered  superior  to  spraying  with  water, 
Andrews  and  Kiiig^-^°J  uescribe  underwater  disposal  of  molten  sodium. 
Sodium  at  350°I'  was  uischarged  unuer  10  feet  of  water  at  a  rate  of 
90  Ibs/min  with  little  oxiue  smoke  and  no  hydrogen  fires.  Later 
work  by  King  and  Milich^-^^)  demonstrated  the  necessity  of  efficiently 
uispersing  the  metal  upon  oischarge.  A  nozzle  producing  high  shear 
forces  was  useu  as  the  uispersing  mechanism, 

Little^^^^has  reported  on  the  use  of  powders  for  extin¬ 
guishing  sodium  or  NaK  fires.  Rock  oust  (CaCO^) ,  soua  ash  and 
potassium  chlorioe  powders  were  applieu  to  sodium  and  NaK  fires, 
Pressurizeu  extinguishers  were  used  cn  50  pound  fires  and  shovel 
application  was  useu  for  5  pound  fires.  With  nitrogen  as  a  pro¬ 
pellant  the  weight  ratio  of  CaC03  to  metal  was  3.4/1  for  5  pound 
fires  and  5.8/1  for  50  pound  fires;  air  as  a  propellant  increased 
the  ratio  to  7,2/1  for  50  pounu  fires.  Results  are  summarized 
in  Table  11. 
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TABLE  li-  RESULTS  OF  POWDER  EXTI NGUISH ANTS  ON  Na  AND  NaK  FIRES 
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D.  EFFECT  OF  OXYGEN  PRESSURE  ON  ALKALI  METAL 


Mangold  and  Tidball^^^^  have  reported  on  the  effect  of 
oxygen  partial  pressure  on  sodium  fires.  Results  indicate  that 
combustion  of  sodium  cannot  be  sustained  below  51  oxygen  (tempera¬ 
ture  of  leaking  sodium  =  850®F) .  Table  12  shows  the  results  of 
this  study.  Analysis  of  the  residue  from  one  of  the  fires  showed 
25%  Na202.  Cooling  the  surface  on  which  the  molten  sodium  was 
placed  minimized  the  quantity  of  sodium  which  burned. 

E.  TYPICAL  ALKALI  METAL  FIRE  FIGHTING  PROCEDURES 


Alkali  metal  fire  fighting  procedures  useo  at  Oak  Ridge 
National  Laboratory  (ORNL)  are  outlined  in  two  documents . 

The  following  procedures  are  recommended  for  combating  alkali 
metal  fires: 

1.  Reduce  pressure  in  system. 

2.  Turn  in  the  fire  alarm. 

3.  Isolate  the  system  electrically. 

4.  Remove  heat  source, 

5.  Actuate  emergency  ventilation  system. 

6.  Put  on  protective  clothing  as  required. 

7.  Wear  gas  masks  or  other  specified  protective 
equipment  as  necessary. 

8.  Use  graphite  on  fire,  applied  by  shovel  or 
pressurized  extinguisher.  Met-L-X  may  be 
used  on  sodium,  potassium  or  NaK  fires. 

9.  Take  all  possible  measures  to  confine  the 
metal  by  forming  dykes  with  graphite,  catching 
in  metal  pans,  or  control  with  insulating 
blankets  or  metal  shields. 

10.  Leave  insulation  around  leaking  portion  of 
rig  in  place. 

11.  If  the  fire  is  confined,  other  equipment  is 
not  being  damaged,  and  fumes  are  being 
adequately  removed,  the  fire  may  be  allowed 
to  burn  itself  out  without  the  necessity  for 
applying  an  extinguishing  agent. 
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TABLE  12-  SODIUM  COMBUSTION  UNDER  REDUCED  OXYGEN 

PARTIAL  PRESSURE 


Weight  of 
Na  (lbs) 


O2  Concentration 
Before  Burning(®o) 


Vol  % 

After  Burning 


Weight  of  Na^^^ 
Burned  (lbs) 


47 

2.75 

2.62 

1.3 

32 

9.69 

8.43 

12.5 

43.5 

13.44 

12.17 

12.6 

41.5 

20.28 

14.87 

53.6^^^ 

.37.5 

6.97 

6.31 

6.5 

45 

11.92 

9.76 

21.4 

Calculated 

from  vol  %  O2  assuming 

combustion 

product  is  Na20 

Calculated 

Na  burned  higher  than  the 

original 

charge  due  to 

Na202 
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OUNL  recommends  graphite  powder  in  cases  where  more  than  one  in¬ 
flammable  metal  is  being  handled.  If  a  single  inflammable  metal 
is  beiijg  hanuled  the  following  recommendations  are  made. 

Lithium  -  Graphite 

Sodium  -  Met-L-X,  Graphite,  Pyrene  C-1,  Soaa  Ash, 
Calcium  Carbonate 

Potassium  -  Same  as  for  souium 

NaK  -  Same  as  for  souium 

Exposure  of  the  metals  to  moist  air  can  result  in  generation  of 
hyurogon.  After  a  fire,  covers  shoulu  be  replacea  on  drums  as 
soon  as  possible  ana  smoking  shoulu  be  restricted  in  areas  where 
handing  is  in  progress. 

Mineral  oil  flushing  is  recommenueu  in  cases  where  there 
has  been  contact  of  burning  alkali  metal  with  the  skin. 

A  short  uiscussion  of  system  clean-out  procedures  is 
presenteu  since  proper  clean-out  techniques  will  minimize  the  pro¬ 
ability  of  a  fire.  Correct  draining  procedures  cannot  be  over- 
emphasizoa  since  they  uill  reduce  the  quantity  of  metal  available 
for  reaction  and  proviae  greater  assurance  of  drainage  of  narrow 
t<assai,es.  Urainii:;,,  should  be  performeu  at  the  highest  practical 
temperature  to  minimize  drainage  film  thickness.  Inert  gas 
coverage  is  necessary  uuring  this  procedure. 


following  urainage,  the  resiuual  alkali  metal  can  be 
removeu  in  a  number  of  ways,  ury  steam  reacts  slowly  wdth  alkali 
metals.  The  hyurogen  producea  may  ignite  upon  leaving  the  equip- 
men'i.  but  no  explosions  viil  occur  within  the  system  since  steam 
uispiaces  any  oxygen  which  m'?y  be  present.  Moist  steam  can  also 
be  useu  if  there  are  no  obstiucteu  passages.  Water  reacts  ex¬ 
plosively  with  souium  with  approximately  1/10  the  force  of  TNT, 
thus  contact  of  conuensed  water  with  sodium  in  a  closed  system 
must  be  avoiueu.  Later  can  be  used  to  clean  lithium  systems  if  the 
water  flowrate  is  sufficiently  high  to  maintain  the  equipment  at 
or  near  ambient  temperature. 


F:quipment  may  also  be  cleaned  with  alcohols  (the  higher 
alcohols  react  more  slowly  with  souium) .  fare  must  be  taken  since 
i  yurogen  anu  heat  are  rcleaseu  uuring  reacting  and  the  alcohols 
t.  emselves  are  flammable. 


moval 
useu , 


Molten  sodium  hydroxiuc  may 
of  resiuual  socium .  Regardless 
water  is  always  useu  as  a  final 


also  prove  suitable  for  re- 
of  the  cleaning  technique 
rinse . 
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Proceuures  for  alkali  metal  fire  fiRhtjng  at  Los  Alamos 
Scientific  Laboratory  are  described  by  Stout, t24;  Prompt  action 
is  vital  wit!i  Na2C03,  NaCl  or  graphite  recoinnicnued  for  sodium  and 
potassium  fires.  Graphite  is  recommended  for  lithium  fires  since 
free  sodium  is  liberated  from  Na2C03  and  NaCl  when  useu  on  lithium 
fires.  Zirconium  silicate  and  lithium  chloride  are  also  suggested 
for  lithium  fires.  Steel  covers  on  drip  pans  with  holes  giving  a 


maximum 
ment . 


open  area  of  about  251  Kill  result  in  self  extinguish- 


Little(25)  has  reported  on  the  action  of  NaK  ana  sodium 
on  various  protective  equipment.  Cotton  cloth  gloves,  chrome 
leather  gloves  anu  aprons,  MSA  Nu-Look  goggles,  laminated  bakelite 
hats  and  face  shields  with  acetate  windows  were  subjected  to  streams 
of  sodium  and  NaK  at  150,  350  and  500°C.  Chrome  leather  and  lami- 
natca  bakelite  were  the  only  material  to  give  100^  protection  at 
500®C.  Rubber  gloves,  face  shields  anu  goggles  protect  against  NaK 
to  150®C  anu  soudum  to  350®C  while  cotton  cloth  is  good  only  at 
room  temperatures. 

Materials  were  subjected  to  a  1/16  in.  diameter  stream 
of  lithium  at  llOO^F  anu  60  psig  for  30  seconds ,  The  materials 
were  positioned  6  feet  from  the  orifice  and  were  sprayed  with  7 
lbs  of  lithium.  The  following  results  were  listed: 

Chrome  leather  -  charred  and  gloweu  almost  in¬ 
stantly,  shrunk  but  some  remained 
as  coke. 

Chamois  leather  -  disappeared  quickly  and  completely. 

Greylite  -  disappeared  quickly  and  completely. 

1/8  in.  thick  plexiglass  -  disappeared  quickly  and 

completely . 

1/2  in.  thick  plexiglass  -  ignited  and  eventually 

burned  out  after  jet 
removed  . 


G.n.  multilayer  protective  cloth  metal  -  disappeared. 


1  /  o 


i/  o 


in. 


thick  steel  backing  plate  -  seveie  buckling, 
no  penetration,  bright  cherry  red 
spot  18  in.  diameter  with  almost 
white  hot  center  spot. 
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F.  INDUSTRIAL  SURVI-Y  OX  FIRE  FIGHTING  TECHNIQUES 


In  auaition  to  the  literature  survey,  an  industrial 
survey  was  made  to  determine  the  most  up-to-date  techniques  used 
by  various  companies.  Specific  information  which  was  requested 
was  "fire  fighting  manuals  and  other  literature  on  proceuures 
useu  in  alkali  metal  fire  fighting."  The  information  obtained 
is  summarized  below. 

Organization  A  uses  soda  ash  as  an  extinguishing  agent. 

The  largest  fire  encountereu  was  a  5  lb  container  of  sodium  which 
rupturea  curing  melting  and  the  dispersed  sodium  started  multiple 
fires.  These  were  quickly  brought  under  control  with  soda  ash 
applieci  by  an  operator  wearing  a  gas  mask. 

Organization  B  has  had  several  spills  with  rubidium, 
cesium  and  NaK  followed  in  some  cases  by  small  fires.  During  trans¬ 
fer  of  NaK  from  a  shipping  container,  NaK  poured  out  of  the  one 
of  the  lines  and  into  a  woouen  shipping  box.  The  box  was  broken 
open  ana  NaK  ran  onto  an  asphalt  tile  floor.  Met-L-X  from  an  ex¬ 
tinguisher  was  applied  to  the  box  while  calcium  carbonate  was 
shoveled  onto  the  NaK  on  the  floor.  Both  fires  were  rapidly 
brought  unaer  control.  During  clean-up  of  the  residue,  the  crust 
was  disturbed  and  the  NaK  reignited.  Again  calcium  carbonate  was 
used  to  bring  the  NaK  fire  under  control.  This  residue  was  re¬ 
acted  with  80%  isopropyl  alcohol -20%  water. 

Organization  C  used  Met-L-X  on  NaK  fires  and  powdered 
graphite  on  lithium  fires.  Lith-X  is  also  on  hand  but  has  never 
been  useo . 


Organization  D  recommends  smothering  with  a  lid  if  the 
metal  is  contained  in  a  tank.  Open  sodium  fires  are  extinguished 
with  Na2C03. 
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ArPL.\L>IX  III 


SUMMARY  01-  rklLhvICil'S  WORK  Uk  ALKALI  '’L'i/iL  I  ILLS 


Frieorich's^  ^  stuay  of  extini,uisliini,  a;,ents  for  alkali 
metal  fires  lias  sui,i,esteu  some  possibilities,  lie  consiuereo  three 
possible  effects  from  extihj,uisliin{,  ai,erits: 

1.  Smothering  effect 

2.  Coolini,  effect 

a.  iiemoval  of  heat  by  enuothermic  reaction 

b.  Removal  of  heat  ly  absor,ytion 

3.  Chemical  effect 


The  thiru  effect  is  analoj^ous  to  the  ex tin^^uishin^  nechanisr  of 
ury  chemical  on  flammable  liquiu  or  gaseous  fires.  Friedrich 
reasons  that  since  the  alkali  metals  can  be  heatoo  to  their  boilii-s 
points  in  an  atmosphere  of  ury  oxygen  yet  ij^nite  at  their  melting 
points  in  normally  moist  atmosphere,  traces  of  v;ater  must  play  an 
important  part  in  the  oxiuation  mechanism.  A  comparison  is  made 
betiveen  CO  ano  oxygen  which  react  slowly  under  aniiyurous  conditions 
but  rapiuly  in  the  presence  oi  traces  of  water: 

CO+OH  — ►  CU2+I1/ (Starting  ivcaction) /k'a+vMi  — =►!/ 2;';a202+h 

I1+O2+M — ►  hU2+M/ (M=foreit,n  molecule  or  wal  1) /li+('2+M - ►K02'*'*' 

C0+li02 - j»'C02+0fi/ (Chain  branching) /.\'a+f;02  — >  i/ 2Na202+Oli 

Both  OH  anu  1102  radicals  have  been  observeu  spectroscopically.  The 
1102  rauical  is  reauily  broken  uown  by  contact  with  salts  by  the 
following  reaction 

H02+e - >1/2H20+5/402+c 

The  valiuity  of  this  theory  of  extinguishment  of  alkali  metal  fires 
is,  of  course,  open  to  question  but  is  worth  consioeration . 


Results  of  Friedrich’s  work  on  litliiun,  scuium  anu 
potassium  fires  of  the  1,  10  and  100  gram  size  are  presentee  in 
Tables  15  to  22.  The  intensity  of  the  reiction  is  qualitatively 
rateu,  using  a  scale  in  which  0  indicates  no  visible  reaction 
whxle  a  rating  of  4  inuxcatos  a  full  strength  reaction  (strong 
increase  in  flames;  even  explosion) 
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TABLE  13-  EXTINGUISHMENT  WITH  PULVERIZED  SUBSTANCES 
(60  p  MEAN  MESH  SIZE)  AGAINST  Li  FIRE  (1  g) 


Extinguishant 

Reaction 

Severity 

Burning  Li  Not  Completely 
Covered  With  Extinguishant 

Perfectly  Covered  ^ 
With  Extinguishant 

4 

Flames  increase-strong 
smoke  develops 

It  burns  further 

4 

tl 

It  does  not  burn 
further 

K2C2O4 

4 

tl 

It 

Li2C03 

2 

Little  increase  of  flame 

II 

Na2C03 

3 

Dazzling  sparks,  yellow 

tl 

K2CO3 

4 

Dazzling  sparks , pale- 
violet 

II 

NH4F 

4 

Flames  increase-strong 
smoke  develops 

It  burns  further 

NH4Ci 

4 

tl 

tl 

NH^Br 

4 

tl 

It 

NH4I 

4 

It 

It 

LiF** 

0 

LiF  melts  in  part 

It  burns  no  further 

LiCl** 

0 

LiCl  melts  in  part 

tl 

LiBr** 

1 

LiBr  melts  in  part 

11 

NaP 

2 

Dazzling  sparks;  yellow 
smoke  develops 

It 

NaCl 

4 

II 

tl 

NaBr 

4 

It 

tt 

Nal 

2 

Nal  melts  in  part-weak  I2 
separation 

II 

SrCOj 

3 

Increasing  flames  under 
emission  of  red  light; 
dazzling  sparks;  smoke 

It 

B 


Q 

C 

C 

S 

G 

T 

C 

B 

B 


V 


K 


K 


K 


K 
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TABLE  13-  EXTINGUISHMENT  WITH  PULVERIZED  SUBSTANCES  -  Continued 


Extinguishant 

Reaction 

Severity 

Burning  Li  Not  Completely 
Covered  Witli  Extinguishant 

Perfectly  Covered 
Witli  Extinguishant 

BaC03 

5 

Increasing  flames  under 
emission  of  yellow,  bright 
light;  smoke  develops 

It  burns 

no  further 

BaO 

3 

Increasing  flames,  BaO 
melts  in  part 

tt 

CaO 

1 

Insignificant  increase 
of  flames 

It  burns 

further 

CaP2=^ 

0 

CaF2  melts  in  part 

It  does 
further 

not  burn 

SiC2  * 

0 

_  -  _  _ 

tt 

Graphite* 

0 

_  _  -  _ 

tt 

Talcum 

2 

Trivial  increase  in 
flames,  smoke  generated 

It  burns 

no  further 

Concrete  or 
Pumice  Powder 

4 

Strong  increase  in 
flames 

II 

B4C 

4 

Pointed  flames  build 
up;  smoke  generated 

It  burns 

further 

BN 

2 

Increasing  flames;  smoke 
generated  under  emission 
of  yellow  light 

It  burns 

no  further 

Vermiculite 

4 

Strong  increase  in 
flaming;  emission  of 
sparks 

It  burns 

further 

KP 

2 

Dazzling  sparks;  pale- 
violet 

It  burns 

no  further 

KCl 

4 

Strong  dazzling  sparks; 
pale-violet  strong 
smoko  develops 

11 

KBr 

3 

tt 

It 

KI 

1 

Kl  melts  in  part,  weak 
iodine  (extraction  or 
separation) 

It 

TABLE  13 


EXTINGUISHMENT  WITH  PULVERIZED  SUBSTANCES  -  Continued 


Extinguishant 

Reaction 

Severity 

Burning  Li  Not  Completely 
Covered  With  Extinguishant 

Perfectly  Covered 
With  Extinguishant 

Na2S04 

4 

Violent  spattering  with 
burning  Li 

It  burns  further 

K2SO4 

4 

tt 

II 

MgO 

3 

Increasing  flames  under 
emission  of  bright 
yellow  light 

It  burns  no  further 

AI2O5 

2 

tl 

II 

Si02 

3 

Increasing  flames  under 
emission  of  yellow 
light,  smoke  generated 

II 

B2O3 

3 

Increasing  flames  under 
emission  of  yellow 
light,  smoke  generated, 

B2O3  melts  in  part 

II 

Ti02 

4 

Explosive  reaction; 
dazzling  sparks 

II 

CaCOj 

2 

Weakly  increasing  flames 
under  emission  of  briglit 
yellow  light;  smoke 
generated 

II 

*  The  perfect  covering  would  be  about  5  to  10  fold  quantity  of 

pulverized  substance  excess  in  reference  to  the  alkali  metal  quantity 
used,  in  order  to  extinguish  "he  fire, 

**  Indicates  most  promising  materials. 
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TABLE  14-  EXTINGUISHMENT  WITH  PULVERIZED  SUBSTANCES 
(CO  ji  MEAN  MESH  SIZE)  AGAINST  Na  FIRE  (1  g) 


Extinguishant 

Reaction 

Severity 

Burning  Ka  Not  Completely 
Covered  W’ith  Extinguishant 

Perfectly  Covered 
With  Extinguislianf''’- 

2 

Flame-up;  smoke  generated 

It  burns  no  furthcT* 

Na2C204 

1 

Weak  flame-up 

ft 

K2C2O4 

1 

tt 

tl 

Li2C03 

2 

Flame-up;  smoke  developed 

II 

Na2C03** 

0 

II 

K2CO3 

2 

K2CO3  melts  a  little;  weak 
si)arKing;  partial  flame-up; 
smoke  generated 

II 

NH4F 

4 

Strong  increased  flaming; 
smoke  develops 

It  burns  further 

NH4CI 

4 

tl 

NH^Br 

4 

II 

NH4I 

4 

II 

LiF 

1 

Weak  flame-up,  LiF  melts 
in  part 

It  burns  no  further 

LiCl 

1 

Weak  flame-up,  LiCl 
melts  in  part 

It 

LiBr 

-7 

Weak  flaine-up;  LiBr 
melts  in  part 

31 

NaF 

1 

Weak  flame-up;  NaF  nelts 
in  part 

II 

NaCl** 

0 

— 

It 

NaBr 

2 

Weak  flame -up 

II 

Nal 

1 

Nal  Ftelts  in  part,  weak  1 2 
(precipitate  or  separation) 

II 

KF 

1 

Weak  flame-up 

M 
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TABLE  14-  EXTINGUISHMENT  WITH  PULVERIZED  SUBSTANCES  -  Continued 


Extinguishant 

Reaction 

Severity 

Burning  Na  Not  Completely 
Covered  With  Extinguishant 

Perfectly  Covered 
With  Extinguishant 

KCi** 

0 

-- 

It  burns  no  further 

KBr 

2 

Smoke  generated;  weak 
flame -up 

It  burns  no  longer 

KI 

1 

KI  melts  in  part,  weak  In  " 

(separation  or  precipitation) 

Na2S04 

1 

Na2S04  melts  in  part 

K2SO4 

4 

Severe  spattering  of  Na 

It  burns  further 

MgO 

2 

Weak  increase  in  flaming; 
smoke  develops 

It  burns  no  further 

AI2O3 

4 

Sparking;  flame-up  and 
smoke  develops 

tl 

Si02 

2 

Flamc-U})  and  smoke 
generated 

It 

B2O3 

4 

Explosion;  B2O3  melts  in 
part 

tl 

Ti02 

4 

Explosion;  smoke  generated 

ft 

CaCOj 

2 

Weak  flame -up;  smoke 
generated 

tl 

SrC03 

2 

II 

BaC03 

3 

Flame  up;  smoke  develops 

ft 

BaO 

4 

Dazzling  sparks;  pointed 
flames  build  up;  smoke 
developes 

tl 

CaO 

1 

Weak  flame-up;  CaO  melts 

Jk  «i  A.  c 

tl 

CaI-2^=" 

0 

-- 

It 

SiC2*‘* 

0 

It 

Graphite* 

0 

- 

It 
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TABLE  14  -  EXTINGUISHMENT  WITH  PULVERIZED  SUBSTANCES  -  Continued 


Extinguishant 

Reaction 

Severity 

Burning  Na  Not  Completely 
Covered  With  Extinguishant 

Perfectly  Covered 
With  Extinguishant 

Talcum 

3 

Dazzling  sparks;  flames 
increase 

It  burns  no  further 

Pumice  Powder 

4 

Dazzling  sparks;  flames 
increase;  pointed  flames 
build  up;  smoke  develops 

tt 

B4C 

4 

Pointed  flames  build  up; 
smoke  generated 

It  burns  further 

BN 

3 

Flames  increase; 
dazzling  sparks 

It  burns  no  further 

Vermiculite 

4 

Flames  increase; 
dazzling  sparks 

It  burns  further 

*  At  complete  covering  would  be  approximately  5-10  fold  quantity  of 
pulverized  substance  excess  in  reference  to  the  quantity  of  alkali 
metal  used,  in  order  to  extinguish  the  fire. 

**  Indicates  most  promising  materials. 
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TABLE  15  -  HXTIKGUISHMliNT  WITH  PULVERIZED  SUBSTANCES 


(60  p  MEAN 

MESH  SIZE)  AGAINST  K  FIRE  (1 

g) 

Extinp.uishant 

Reaction 

Severity 

Burning  K  Not  Completely 
Covered  With  Extinguishant 

Perfectly  Covered 
With  Extinguishant* 

LiC204 

3 

Flames  increase;  smoke 
develops 

It  burns  no  further 

Na2C204 

2 

It 

II 

K2C2O4 

1 

Weak  increase  in  flaming; 
weak  development  of  smoke 

M 

Li2C03 

2 

Flame-up;  weak  flame 
increase;  smoke  generated 

tl 

Na2C03 

1 

Weak  flame-up;  Na',C03 
melt  in  part 

It 

K2CO3 

1 

K2CO2  molts  in  part; 
weak  flame  increase 

It 

NH4F 

4 

Strong  increase  in  flames 

It  burns  further 

NH4CI 

4 

If 

II 

NH^Br 

4 

ft 

11 

NH4I 

4 

M 

11 

LiF 

1 

Weak  increase  in  flames; 
LiF  melts  in  part 

It  burns  no  further 

LiCl 

2 

Weak  increase  in  flames; 
LiCl  melts  in  part 

II 

LiBr 

3 

Very  strong  increase  in 
flames;  LiBr  melts  in  part 

tl 

NaF** 

0 

NaF  melts  in  part 

II 

NaCl 

1 

Weak  flame-up;  NaCl  melts 
in  part 

It 

NaBr 

3 

Dazzling  sparks;  NaBr 
melts  in  part 

I? 

Nal 

1 

Nal  melts  in  part;  trivial 

I2 

(separation  or  precipitation) 
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TABLE  15-  EXTINGUISHMENT  WITH  PULVERIZED  SUBSTANCES  -  Continued 


i 

It* 

Extinguishant 

Reaction 

Severity 

Burning  K  Not  Completely 
Covered  With  Extinguishant 

Perfectly  Covered 
With  Extinguishant 

ler 

KF 

1 

Weak  flame-up 

It 

burns  no  further 

KCl** 

0 

tt 

KBr 

2 

Flame-up;  KBr  melts  in 
part 

tl 

KI 

0 

KI  melts  in  part;  trivial  I2 
(separation  or  precipitation) 

1  1 

Na2S04** 

0 

Na2S04  melts  in  part 

t? 

K2SO4** 

0 

K2SO4  melts  in  part 

tl 

MgO 

2 

Flame-up  and  smoke  develops 

ft 

AI2O3 

3 

Strong  flame  increase 

It 

Si02 

1 

Weak  flame-up;  weak  smoke 
generated 

It 

B2O3 

4 

Explosion;daz2ling  sparks; 
strong  smoke  develops; 

B2O3  melts  in  part 

tl 

r 

TiO^ 

4 

Pointed  flames  build  up; 
strong  smoke  generation 

II 

CaCOj 

1 

Weak  flame  increase  and 
smoke  develops 

II 

SrCOj 

2 

Flames  increase  and  smoke 
develops 

It 

BaO 

3 

Pointed  flames  build  up; 
smoke  generated;  BaO  melts 
in  part 

II 

CaO 

2 

Weak  flame  increase 

II 

CaF^ 

1 

Negligible  flame  increase 

II 

SiC2** 

0 

-- 

II 

70 


TABLE  15  -  EXTINGUISHMENT  WITH  PULVERIZED  SUBSTANCES  -  Continued 


Extinguishant 

Reaction 

Severity 

Burning  K  Not  Completely 
Covered  With  Extinguishant 

Perfectly  Covered 
With  Extinguishant 

Graphite 

1 

Trivial  flame  increase  and 
smoke  develops 

It  burns  no  further 

Talcum 

3 

Increased  flaming  and  smoke 
develops 

II 

Pumice  Powder 

3 

tt 

tl 

B4C 

3 

Dazzling  sparks 

It  burns  further 

BN 

3 

Flames  increase 

M 

Vermiculite 

4 

Strong  increase  flaming; 
dazzling  sparks 

II 

*  The  perfect  covering  would  be  about  S  to  10  fold  quantity  of 

pulverized  substance  excess  in  reference  to  the  alkali  metal  quantity 
used,  in  order  to  extinguish  the  fire. 

**  Indicates  most  promising  materials. 


i 


d 

nt 

TABLE  16-  AMOUNTS  IN  GRAMS 
(60  11  AVERAGE  GRANULE  SIZE)  : 
SODIUM,  AND  POTASSIUM 


Lithium 

Extinguishant  10  g.  100  g. 

Graphite  39  430 

KF  51  710 

SiC2 


78 


OF  POWDERY,  SOLID  SUBSTANCES 
SED  AGAINST  FIRES  OF  LITHIUM, 
(10~  and  100-g.  SAMPLES) 


Sodium 

Potassium 

10  g 

.  100  g. 

10  g. 

100  g. 

21 

250 

19 

220 

36 

280 

32 

265 

48 

39 

IB  •  W 

78 
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TABLE  17-  EXTINGUISHING  RESULTS  OF  LIQUIDS  AGAINST  Li,  Na,  and  K  FIRES  (Ig) 


Flash 

Extinguishant 

Used 

in 

Fluid 

Point 

cc(Flowrate  2 

cm^/sec) 

Extinguishant 

(“C) 

Li 

Na 

K 

Remarks 

spindle  oil 

225 

N.E.* 

8.6 

6.4 

With  Li  secondary  burning 

•'  +  201  CB** 

8.0 

5,8 

4.3 

Smoke  generated 

paraffin  oil 

213 

N.E. 

4.9 

2.5 

With  Li  secondary  burning 

"  +  20%  CB 

5.0 

2.9 

4.9 

Strong  smoke  developed 

silicon  oil  AK250 

315 

N.E. 

7,3 

12.5 

With  Li  secondary  burning; 
weak  smoke  developed 

”  +  20%  CB 

6.3 

5.7 

10.0 

Strong  smoke  developed 

didecylphthalate 

216 

N.E. 

9.2 

8,5 

With  Li  secondary  burning 

•’  +  20%  CB 

7.5 

6.5 

5.3 

Strong  smoke  developed 

bis-2  ehtylhexylphthalate 

190 

N.E. 

12.2 

10.3 

With  Li  secondary  burning 

”  +  20%  CB 

10.0 

5.9 

4.3 

Strong  smoke  developed 

diethylphthalate 

156 

N.E. 

N.E. 

N.E. 

Secondary  burning 

"  +  20%  CB 

16.5 

13.5 

10.4 

Strong  smoke  generated 

dibutylphthalate 

170 

N.E. 

N.E. 

N.E. 

Secondary  burning 

”  +  20%  CB 

12.2 

8.0 

6.8 

Strong  smoke  generated 

dime thy Iphthalate 

132 

N.E.N 

N.E. 

N.E. 

Secondary  burning 

"  +  20%  CB 

9.4 

7.5 

5.8 

Strong  smoke  developed 

but ylbenzy Iphthalate 

190 

N.E. 

N.E. 

N.E. 

Secondary  burning 

"  +  20%  CB 

9.8 

8.2 

6.2 

Strong  smoke  developed 

dime thy Igiyco Iphthalate 

174 

N.E. 

23.0 

18.8 

With  Li  secondary  burning 

•'  +  20%  CB 

6.5 

4.S 

3.8 

Strong  smoke  developed 

butylglycolphthalate 

185 

N.E. 

30.0 

28.2 

With  Li  secondary  burning 

"  +  20%  CB 

7.5 

7.2 

6.7 

Strong  smoke  generated 

diocty Iphthalate 

204 

N.E. 

13.3 

12.7 

With  Li  secondary  burning 

"  +  20%  CB 

6.0 

5.2 

4.9 

Strong  smoke  developed 

dinony Iphthalate 

210 

N.E. 

13.0 

12.5 

With  Li  secondary  burning 

"  +  20%  CB 

4.6 

4.0 

3.8 

Strong  smoke  generated 

octylstearate 

205 

11.6 

9.4 

7.5 

Saponification 

"  +  20%  CB 

5.6 

4.8 

4,5 

Saponification;  smoke 
developed 
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TABLK  17  -  EXTINGUISHING  RESULTS  OF  LIQUIDS  AGAINST  Li,  Na,  and  K  FIRES  (Ig) 

(Continued) 


Fluid 

Extinguifehant 

dibenzyltoluene 
"  +  20%  CB 

benzylbutyladip'ate 
'•  +  20%  CB 

benzyloctyladipate 
"  +  20%  CB 

diphenylxylenylphosphate 
••  +  20%  CB 

t rich loroe thy Iphosphate 
"  +  20%  CB 

tricresy Iphosphate 
”  +  20%  CB 

dioctylsebacate 
"  +  20%  CB 

dibutyls ebacate 
•'  +  20%  CB 

diglycol 

"  +  20%  CB 

triglycol 

"  +  20%  CB 

ethyitrigiycol 
"  +  20%  CB 

butyltriglycol 
•’  +  20%  CB 


Flash 

Point 

Extinguishant 
cdCFlowrate  2 

Used 

cm^/ 

CQ 

Ui 

K 

180 

16.5 

4.2 

8.3 

4.0 

6.8 

2.5 

185 

N .  E . 

39.0 

32.5 

8.2 

6.3 

10.1 

214 

13.7 

5.8 

10.7 

3.3 

8.5 

4.8 

N.E.. 

7.9 

8.2 

240 

5.0 

2.1 

6.3 

15.6 

13.2 

12.1 

232 

N.E. 

N.E. 

N.E. 

235 

21.5 

12.5 

8.5 

4.8 

3.1 

3.6 

213 

10.1 

9.2 

8.5 

3.2 

6.1 

11.9 

N.E. 

21.0 

18.3 

7.0 

5.5 

16.5 

N.E. 

N.E. 

N.E. 

124 

tt 

ft 

ft 

If 

ft 

It 

177 

ft 

II 

ft 

tl 

M 

tt 

122 

tf 

ft 

tt 

ft 

M 

II 

135 

t»  It  ft 

i 

Remarks 


Smoke  generated 
Strong  smoke  developed 


Strong  smoke  developed 

With  Li  secondary  burn¬ 
ing;  strong  smoke  de¬ 
veloped  . 


Smoke  generated 
Stronger  secondary 
burning 

Strong  smoke  developed 
Strong  smoke  and  soot 
developed 


Strong  smoke  generated 

With  Li  secondary  burning 
Strong  smoke  developed 

Secondary  burning  and 
alcoholate  formation 
More  violent  burning 

Secondary  burning  and 
alcoholate  formation 
More  violent  secondary 
burning 

Secondary  burning  and 
alcoholate  formation 
Secondary  burning 

Secondary  burning  and 
alcoholate  formation 
More  violent  secondary 
burning 
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TABLE  17  -  EXTINGUISHING  RESULTS  OF  LIQUIDS  AGAINST  Li,  Na,  AND  K  FIRES  (Ig) 

(Continued) 


Flash 

Extinguishant 

Used  in 

Fluid 

Point 

cc( Flowrate  2 

cm-^/sec) 

Extinguishant 

(*C) 

Li 

— 

Remarks 

castor  oil 

229 

8.6 

4.9 

4.0 

Saponification 

"  +  20%  CB' 

4.5 

3.0 

8 .3 

Strong  sUiOke  developed; 
saponification 

sunflower  oil 

230 

12.5 

8.0 

6.9 

Saponification 

"  +  20%  CB 

4,0 

3.2 

3.4 

Smoke  generated, 
saponification 

linseed  oil 

205 

17.5 

9.8 

22.2 

Saponification 

"  +  20%  CB 

3.2 

6 . 6 

12.9 

Extreme  strong  smoke 
generation; saponification 

olive  oil 

225 

8.2 

8.0 

10.2 

Saponification 

"  +  20%  CB 

4.1 

3.4 

10.5 

Strong  smoke  developed; 
saporiification 

peanut  oil 

282 

6.2 

6.9 

6 . 3 

Saponification 

"  +  20%  CB 

2.1 

5.1 

10.3 

Strong  smoke  developed; 
saponification 

cod-liver  oil 

230 

12.5 

6.7 

5.6 

Saponification 

”  +  20%  CB 

3.1 

12.8 

11.1 

Saponification;  strong 
smoke  developed 

neat's-foot  oil 

243 

8.5 

6.2 

5.3 

Saponification 

'•  +  20%  CB 

3.5 

2.3 

10.4 

Saponification;  strong 
smoke  developed 

bone  oil 

232 

6.5 

5.5 

3.5 

Saponification 

"  +  20% 

3.0 

4.1 

12.9 

Strong  smoke  generated; 
saponification 

*N.  E«  -  Not  Extinguished  -**€8  -  Chiorobromoethane 
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TABLt  18-  hXTINGUISHING  RESULTS  OP  LIQUIDS  AGAINST  10  g  FIRES 

Li,  Na  AND  K 


Extinguishant  Used  in  cm^ 

Liquid 

Extinguishant 

(Flowrate  6  cm^/sec) 

Li 

Ka 

Remarks 

DibenzyJ  toluene 

N.E. 

N.E. 

80 

With  Li  and  Na  secondary 
fire 

"  +  201  CB 

30 

14 

7.5 

Smoke  generated 

Spindle  oil 

N.E. 

N.E. 

N.E. 

Secondary  fire 

•’  +  201  CB 

49 

17 

35 

Smoke  developed 

Octylsterate 

N.E. 

N.E. 

N.E. 

Secondary  fire; 
saponification 

"  +  201  CB 

55 

23 

N.E. 

Smoke  generated;  with  K 
saponification 

Sunflower  oil 

N.E. 

45 

76 

With  Li  secondary  fire, 
saponification 

"  +  201  CB 

26 

8 

72 

Smoke  developed;  saponi¬ 
fication  especially 
strong  with  K 

TABLE 

19  -  RESULTS  USING 

FLOWRATE 

OF  20  cm^/sec 

Dibenzyltoluene 

450 

125 

62 

Spindle  oil 

N.E. 

N.E. 

N.E. 

Saponification 

Octylstearate 

225 

175 

520 

"  ;  especially  s‘;rong  with  K 

Sunflower  oil 

200 

76 

42 

Saponification 

TABLE 

20  -  RESULTS  USING 

FLOWRATE 

OF  60  cm^/sec 

Dibenzyltoluene 

165 

37 

25 

Spindle  oil 

N.E. 

255 

170 

With  Li  secondary  fire 

Octylstearate 

150 

75 

375 

Saponification;  especially 
strong  with  K 

Sunflower  oil 

65 

62 

36 

Saponification 

*N.E.  -  Not  Extinguished 
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TABLE  21-  EXTINGUISHING  RESULTS  OF  LIQUIDS  AGAINST  100  g 

FIRr-S  OF  Li,  Na  AND  K 


Extinguishant  Used  in  cm^ 
Liquid  (Flowrate  60  cm^/sec) 

_ z  _ ^  '  "I 


Extinguishant 

Na 

T 

Remarks 

Dibenzyltoiuene 

N.E.* 

N.E. 

805 

With  Li  and  Na 
secondary  burning 

Spindle  oil 

N.E. 

N.E. 

N.E. 

Secondary  burning 

Sunflower  oil 

1125 

475 

665 

Saponification; especially 
strong  with  K 

TABLE 

22-  RESULTS 

USING  flowrate  of 

120  cm^/sec 

Dibenzyltoiuene 

N.E. 

1085 

670 

With  Li  secondary 
burning 

•'  +  201  CB** 

175 

153 

140 

Smoke  developed 

Spindle  oil 

N.E. 

N.E. 

N.E. 

Secondary  burning 

"  +  20%  CB 

155 

137 

112 

Strong  smoke  generated 

Sunflower  oil 

715 

355 

565 

Saponification; 
especially  strong  with  K 

*N.E.  -  Not  Extinguished 


**CB  -  Chorobronoethane 


The  1  ii  fires  were  used  as  screening  tests  and  only  those  solids 
which  exhibiteu  no  reaction  were  used  on  10  and  100  g  fires. 
Silicon  carbide  uid  not  show  any  reaction  but  was  not  suitable 
as  an  ext inguishant  since  it  penetrated  the  liquid  metal  and  did 
not  form  a  cohesive  bond.  Calcium  fluoride  which  showed  no  re¬ 
action  on  1  g  fires  exhibited  slight  reaction  in  the  larger  fires. 
Graphite  worked  well  on  ail  fires. 


Liquid  extinguishants,  with  high  ignition  points  as 
the  basic  criterion  of  selection,  were  also  evaluated,  extinguishing 
n.eciianisms  were  attributed  to  cooling,  smothering,  charring  and/or 
saponif icati'jo .  Secondary  fires  occurred  frequently  but  the 
audition  of  a  halogenateu  hydrocarbon  inhibited  secondary  dires. 


Friedrich  concluded  that  ui 
oil  proved  best  suited  as  extinguisha 
metal.  Calcium  fluoride  or  graphite 
Frieurich  concluded  that  liquids  are 
pools  of  burning  metals  while  powders 
which  are  not  contained. 


benzyl  toluene 
nts  for  up  to 
were  the  best 
best  suited  f 
are  best  sui 


and  sunflower 
100  g  of  alkali 
powders  tested, 
or  quiescent 
ted  for  spills 
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